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PREFACE. 



M ETBOROLCX3Y IS a subject of interest to all. We 

in the very midst of its pIicnouKina^ and are constantly 
subjected to their influence. Many of the singular pro- 
cesses of nature which this science unfolds, are intimate* 
ly connected with our being and happiness, while others, 
on account of their beauty and sublimity, fiU the mind 
with aidmiration and awe* 

The subject being one of universal interest, we might 
naturally suppose it to be uniirersaUy understood ; but 
such is not the case. Meteorology, as it science, is of 
recent origin ; for it is only within ihe space of a very . 
few years that it has risen, through the efiforts of many 
gifted minds, to the rank it deserves to hold amid the 
various departments of knowledge. ^ 

Meteorology is a portion of Natural Philosophy, and 
in tlic colleges of our land, lectures upon this subject 
form a part of the regular academical course ; but no 
similar system prevails in our High Schools and Acade- 
mies. Nor is it to be expected ; smce, with the present 
want of facilities for obtaining information, the teacher 
would be obliged to devote an undue share of his time 
to the acquisition of the knowledge requisite for this 
object Neither can a text-bw^ be procured; for the 
author is not aware that any distinct treatise on this 
science is extant in the English language, except the 
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translation from the German of Kaemtz's " Complete 

Couise of Meteorology j" a work which, though exceed^ 
ingly valuable to the advanced student, is not suitable 
for a text-book on account of its size^ expense^ and mode 
of execution. 

The present little work has therefore heen prepared, 
not with the view of addipg one more to the long list of 
studies now pursued in our academical institutions; but 
for the pui'pose of bringing into general notice a rich but 
hitherto comparatively unknown field^ within the do^ 
mains of natural science. 

The author has therefore endeavored, while retaining 
all the important principles of Meteorology, to condense 
the subject as much as possible, in order that this ele- 
mentary treatise may be studied in connection with Nat- 
ural Philosophy, without consuming too much time. 

In regard to facts, they have been sought wherever 
it was supposed they could be found, and reference has 
been made in nearly all cases to the authorities whence 
they were taken. 

Should it be required a more extended treatise may be 
expected, adapted to the wants of students in colleges. 

Haktfobd, July 7th| 1848. 



REFEREISCES. 

(C. 957), for example^ dflootet ConuUick'a Philoaophy, Article 967, (IM 

edition. 

(Art. 132), kx example^ deaotea Article 1^2 of this work. 
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METEOROLOGY. 



1. Metbobologt is that branch of naturai 
10cibncb which treats op the atmosphere and 

1 i .s PHENOMENA. The subject may be propeily divided 
inXo six parts. 

2. Part I. THE ATMOSPHERE. 

Part U. AERIAL PHENOMENA---cMf»^eAeni^ 
ing Winds in general^ Hurricanes^ TomadoeSy and 

.Waterspouts, 

Part IH. AaUEOUS PHENOMENA— titcfoirfm^^ 

Rain^ Fogs^ Clouds^ DeWj Hoar-frost and jSnoWf and 
Hail. 

Part TV. ELECTRICAL PHENOMENA— ca;/i- 
prisiitg Atmospheric Electricity and Thunder-storms. 

Part V. OPTICAL PHENOMENA-^iWi/zc/wj^ 
ike Color of the Altaosphere and Qlouds^ Rainbow^ 
Mirage^ Coronas^ and Haloes. 

Part VI. LUMINOUS PHENOMENA— emftra- 
dng Meteorites^ tShooting /Stars and Meteoric JShowers^ 
nnd the Aurora Borealis. 

Part VII. MISCELLANEOUS PHENOME- 

NA — includuig the Fall of Terrestrial Substances 
foreign to the Atmosphere, and Dry Fog and Indian 
Summer Haze. 

What is Ueteoiology 1 

Into how many parts is it divided 1 

Rdwsxss tlM Bsvenl pafts witb their snlilscli. 
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PART I. 



OF THE ATMOSPHERE. 

3. As the common properties of the air, viz., vrnght, 
fluidity and eldsticity^ are supposed to be already kuowiij 
C. 502,) we shall proceed at once to the discussion, of 
khe entire body of air, termed tlie atmosphere ; and first 
of its pressure, which is ascertained by the barometer^ 
an instrument so called from the Greek words, baros% 
weight, and meiron^ measure. • 

SAKOMETER. 

4 

4. This instraiQent is of the highest importance in 
Meteorology, aad requires a minute description. It is 
thus constructed. Into a glass tube, about three feet 
in length, open at one end and closed at the other, mer 
cury is poured until it is full \ the open end being no 
closed by the finger, or any other means, the tube is i 
verted, and the lower end immersed in a vessel of me 
cury. When beneath the surface of the fluid Uie end 
is unstopped, and the column of mercury within the tube 
then settles dowi^, until its summit is about thirty inch- 
es above the level of that within the vessel. The space 
above the column in the tube is a void, and is called 
the Torricellian vacuum, from Torricelli, the name of 
the Italian philosopher, who first conoU ucled this instru- 
ment. 

5. The column of mercury wiihin the tube is sup* 
ported above the level of that i?i the vessel, by the up^ 
ward pressure of a column of the atmosphere^ havbig 
the same ba^e as itself. 



What is the atmosphere 1 

IIow itg pressure ascertained? 

How is I lie barometer made 1 

What supports the coltmm of msrcury 1 
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6. Thus, in fig. 1., the atmospheric 
column a a, of indefinite length, but of the 
same size as the barometric column Db, 
presses upon the mercury in the vesseL 
K, with a force equal to its own weight ; 
now since ajoy force, acting upon a duid, 
is communicated in every direction, this 
pressure will be transmitted through the 
mercury, in the direction of the arrows, * 
and acts at within the tube, against 
the jnercu rial column Db. This upward 
force will be resisted at D, by the weight 
of Db, and the mercury will sink in the 
tube until the two pressures counterpoise 
each other, in exactly the same manner 
as two equal weights in the (^posite scales 
of a balance. 

7. From these considerations, it is man* 
ifest, that the weight of the attnoapherifi 
column a a is equal to that of the mercuri- 
al calumny Db of the same base ; and this 
weight can be estimated in the following 
manner. If the base at D contains one 
square inch, the column Db, at its usual 
height, will contain, nearly, 30 cubic inches ; and since 
one cubic inch of mercury weighs 3426.76 grains, the 
wdffht of thirty will amount to 102802.8 grains. 

This product being now divided by 7t)04, the number 
of grains in a pound avoirdupois, the result will be 
nearly 14.7 lbs. ; a quantity equal to- the weight of the 
barometric column, and consequently to the pressure of 
the atmosphere on every square inch of surface. 

8. Any increase in the density of the atmosphere will 
be denoted by an elevation of the mercury, and a d(e> 
crease by its depression* The cause of this is obvious, 
in the first case, a a becomes heavier, and requires more 




Explain Figure 1. 

How ii die pleasure of the atmosphere^ on every square inch* computed 1 
How doea any changie In tlw density of the air affect the height ol tho 
barometer? 
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.mercury to balance it ; therefore Db is lengthened. In 
the second case, a a is lighter, and, as a less quantity of 
mercury will then balance it, Db is shortened. Such 
changes are constantly occurring, but are very minute, 
and, in order that they may be accurately indicated, the 
instrument must be made with the nicest care. 

9.. To secure a perfect instrument, it is essential that 
the mercury should be free from any solid impurities^ 
else the summit of the column will either be above, or 
below, its proper level, according as the foreign matter, 
mixed with the mercury, is lighter, or heavier, than the 
fluid. This end is attained by straining the mercury 
through chamois leather. If it is amalgamated with 
zinc, or lead, it is purified by washing it with acetic, or 
sulphuric acid. 

10. When the tube is filled, moisture and small bub- 
bles of air are found adhering to its interior surface, and 
are also contained in the mercury. These, if not expelL 
ed, will ascend when the tube is inverted into the Torn* 
cellian vacuQm, the moisture rising in vapor. By their 
united elastic force, the ascent of the barometric column 
will be checked, whenever any increase in the density 
of the atmosphere tends to elevate it. 

11. This source of error is removed by h^inff the 
mercury in the tube. When all the air and vapor are 
expelled, the tube, if gently struck, will give forth a dry, 
metallic sound ; but if a bubble of air remains, the sound 
will be dull and heavy. By connecting the open end of 
the tube with an air pump, during the process of boiling, 
Dr. Jackson, of Boston, has still more effectually remov^ 
this imperfection. 

12. By these means^ the air may perhaps be totally 
excluded, when the instrument is first constructed : but 
In the course of time, it will again insinuate itself be* 
tween the glass and the mercurial column. To pre- 
vent this evil, Pro£ Daniell, of King's College, Londonj 



Whal precautions are udoptcd to secure a perfect barometer 1 
How is the mercttiy purified, and why 1 
How are moiBtttTe and air expdled fiom the tube, and whyl 
What ia Pro£ DanieiTa improTementl 
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. BAROMETER* 17 

welds to the open end of the glass tube a ring of plati- 
num, which possesses a greater affinity lor mercuiy than 
glass. The mercury adheres closdy to the platinum, 
like water, and the pass^e of air, aecotdiog to all ex- 
periments, appears tnus to be effectually prevented. 

13. Since tne constant changes in the weight of the 
atmosphere produce corresponding fluctuations in' the 
height of the barometer, a scale is placed near the top 
of the tube, extending from twenty-aeven to thirty-one 
inches, a space, wbicn includes, at the surfece of the 
earth, all the flMctuations of the column. This scale is 
divided into tenths of an inch ; but, as the variations of 
the barometer are exceedingly minute, a contrivance, 
called a vernier^ is annexed, by whbh a change, to the 
extent of one five hundredth of an inch, can be easily 
measured. 

14. As the surface of the mercury, in the reservoir, is 
raised by the descent of the column, and depressed by 
its elevation, any change in 'the height of the barometer 
cannot be accurately estimated, while the scale remains 
in the same position ; unless this sur&ce is always 
bi'ought to the same point, before taking an observation. 
The necessity of so uoing will be obvious, from the fol- 
lowing illustration. 

Suppose the surface of the mercury in the cistern K, 
figure L, to be fifty square inches, wnile that of a hor- 
izontal section of the column is but one. Should the 
barometer sink one inch, the surface of the mercury in 
the cistern will rise one fiftieth of an inch, and the 
amount of the depression of the column, if measured 
from this surface, will be only forty-nine fiftieths of an 
inch, instead of one inch, its true depression. 

15. The contrivance employed by Fortin, a celebrate 
ed French artist, to remove this error, consists in ad- 
justing to the cistern K, fig. 1., a movable bottom, which 
can be elevated or depressed, by means of the screw 



What ifl the length of the hurometric wale 1 

How smnll a variation in height can be meaaurodi 

W bat ia Fortin'a contrlyanoe^ end ftr what puipofle adoptad % 
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P, until the surface of the mercuiy shall just touch the 
fixed ivory index L, at its lower extremity ; which point 
is the zero of the scale, or the place from which the 
heiafht of the barometer beo^ins to be reckoned. 

VVlien, by adopting the previous precautions, the 
barometer has been f?o far perfected, two corrections 
are still necessary, before recording observations ; the 
irst for temperature^ and the second for capillarity. 
That of temperature depends upon the expansion of 
'.he mercury and the scale ; the latter being partially 
corrective of the former, inasmuch as the divisions of 
measurement upon the scale, lengthen, at the same 
time, with the column of mercury. 

17. Temperature. Mercury dilates, for every de- 
gree Fah. about one ten-thousandth part of its bulk, 
taken at the freezing point. The expansion of the scale 
varies with the metal of which it is composed, but its 
amount is. usuaUy, so small, that it may safely be neg- 
lected in the required correction. Hence the following 

- practical rule has been adopted, for reducing any ob- 
served altitude of the barometer, to the corresponding 
altitude, at the freezing point. Subtract the tm-thoU' 
sandth part of the observed altitude^ for every degree 
above the freezing point. ''^ Thus, if the barometer 
stands at 29 inches, and the thermometer at 52^, the 
required correction is 20 x .0001 X 29 = 068. If the 
temperature is helow 32^, the correction must be added. 
To facilitate these calculations, a thermometer is always 
attached to the barometer. 

18. Capillarity. By capUlary attraction is (C. 53,) 
understood^ the force exerted by the interior surface of 
small tubesy upon the fluids contained withtn them. 
When the fluid moistens the tube, it rises above its pro- 
per level ; but when it does not, as in the case of mer- 
cury, it sinks below it From this cause, a depression, 
termed its capillarity, occurs in the barometer, the extent 

How is the barameter affected by a change in temperature 1 
Give the role for reducing the height to the corresponding height at tho 
^czing point. 
Why is capillarity a touree of ezrorl 
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of which is dependent upoa the size of the interior Jiam- 
eter of the tube, and a correction for this must be added 
to the apparent height, in order to obtain the true alti- 
tude. In tubes of a stnail bore, the error from this 
source is considerable $ but when the diameter exceeds 
half an inch, it becomes so small, that it may safely be 
neglected. This will be rendered evident by theinspeC' 
tion of the following table, which gives the amount of 
depression for tubes of various sizes. 



19. When the instrument is not stationary, but is 
carried from clime to clime, and to d liferent heiirhts 
above the sea-bnci, ftoo otiier corrections are necessary; 
one for the luinjing force of gravity, in different latitudes, 
and the otlier for the chani^e of pressure^ which dimin- 
ishes with every mcrease of altitude above the ocean. 

Such is the barometer, an insfrunient of great prac- 
tical use, and of the highest value in meteorological re- 
searches. 



20. TARiATioif IN Latitude. Th^mean ox average 
pressure of the atmosphere, as indicated by the baronn 
eter, is found to be nearly the same in all latitudes, 
when every essential correction is made. It increases 
a little from the eq^iator to about the 30th degree of 
latitude, where it is greatest ; it then decreases to nearly 
the 64th degree, where it is letist ; after tf^is it again 
increases, and between the 75th and 76th o* giees, the 
pressure is ecjual to that of the equatorial climes. All 



la it greater in tubes of a Boinll or hirgc tiorel 

When the barometer is portaMc, what other corrections are necessary 7 

What is said of the barometer ] 

In what manner does the prevsun of the atmosphere vary in latitude I 



Diameter of tube. 



Deprenion. 



.10 

M 
.50 



.1403 
.0581 
.0153 
.0083 



PRESSUEE OF THE ATMOSPHSXtE. 
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this is obvious from tlie following table, foundeil upon 
observations, where coiTections are made for graviiyi 
altitude above the sea*level, and temperature. 



PLACES, 


LATITUOB. 


HStOMT OP 
BABOMBTBft. 


Cape of Good Hop^ . 
Christianburg, • • . 

Tripoli, 

Godthaab, . . , . 
Spitzbqrgcn, . • 


33° S. 
5° 30' N. 
33° N. 

6r X. 

75'^30'N. j 


• Inches. 
29.955 
29.796 
30.127 

29.59^ 
29.801 



21. The pressure of the atmosphere at any given 
spot is not invariable ; for-the height of the barometer 
is perpetually changing throughout the year. The ex* 
tent of its fluctuations is, however, by no means the 
same in all places, being least at the equator^ and great- 
est towards ilie poles. Thus ij^ range within the tropica 
is but a little more than one-fourth of an inch ; at Sew 
York, 40** 42^ 4fy' N. lat., 2.265 inches, from the observa- 
tions of five years ; at St. Johijs, Newfoundland, 47° 34'' 3'' 
N. lat., 2.5 i inches, during tlie same period ; while m 
Great Britain it amounts to three inches. The greatest 
fluctuations occur between the 30th and 60th degrees oi 
latitude. 

22. There is also a constant daily variation in the 

atmospheric pressure^ for the barometer, as a general 
nile, fails from 10 o^clock, A. M. to 4, P. M. ; it then 
rises until 10, P. M., when it again begins to descend, 
reaching its lowest point at 4, A. M. ; from this time it 
rises, until it once more attains its highest elevation, at 
10, A. M. These variations are exceedingly minute, 
and contrary to the annual range, are greatest at the 
equaior^ and decrease w ith the kUitiuie ; disappearing 
about the parallel of 60®. 

23. This variation amounts at 



Give examples. 

Where are the annual fluctuations of the barometer least? 
Wheru greatest? 
Give examples. 

Describe the dioraal variationfl. Wlieie geeatest 1 Where least f 
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PLACBS. 


LATITUDE. 


• 

INCHES. 


Rio Junt'iro, . . . 

Calcutta, 

St. Petersburg:, . •* 

i 


54' S. 
12 ' 3' S. 
22° \iy 
59° 56' N. 


to .067 
to .10 
to .072 
to .005 



In (he tropical regions, according to Humboldt, so reg- 
ular are tlie diurnal changes, that the barometer indi- 
cates true time, within a quarter of an hour. . 

These daily fluctuations, in the atmospheric pressure, 
for a long time, perplexed meteorologists^ but their cause 
has, at length, been discovered, by means of the late ob- 
servations, at the English observatories. They are 
found to arise from the stated variations in temperature^ 
that occur during the day. 

24. Variations in Altitude. As we ascend above 
the surface of the earth, we leave a portion of the at- 
mosphere below us, and are freed from its pressure. 
This fact is- denoted by the fall of tlie barometer. When 
De Luc, a French philosopher, ascended to the height 
of 20,000 feet, his barometer sunk to twelve inches, lu 
1838, the aeronaut Green, rose fromVauxhail gardens, in 
London, to an elevation of nearly three miles and three 
quarters; the mercury in the barometer gradually de* 
scending, from thirty inches to fourteen and seven-tenths, 
' 26. As a general rule) this depression, near the sui • 
face of the earth amounts to (me-terUh of an inch for 
every eighty^seven feet in altitude ; but where perfect 
accuracy is required, several corrections must be made. 
The barometer then becomes, in the hands of skillful 
observers, an imporUnt instrument for determining alti^ 
todes, and so exact are its indications, that two inde* 



Give examples. 

What is said by Humboldt of their r^^aiity io the tropical 

How are ihey caused 1 

How i8 the pressure of the air intluenced by the altitude 1 
What instrument indicates the changes of pressure 1 
In the instances given, bow low did the merciuy sink ? 
What Is the law of depression 1 
l^or what purpose is the barometer sometimes employed 1 
Give instances. 
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Cender.t estimates of the height of Mount iEtna, made 
y means of this instrument, difTer only one foot ; that 
of Capt. Sinvth beiog ] 0,874 feet, while Sir John Her 
schei's is 10,873 feet. 



B£KSITT OF THE ATMOSFBBBE. 

26. When one portion of the atmosphere is said to 
be more dense than another, all that is meant is simply 
^his ; that given volume, or hulk^ of the first jtortuni^ 
^ one gallon^ contains more atrial particles than an 
tpud volume of the second ; thus, if it contains twice as 
jiinny ]m tides, it is said to be twice as dense. 

27, The density of the atmosphere decreases with 
Ihe altitude. This result is caused by the diminished 

?res8ure of the air, and the decreasing force of gravity* 
magine the atmosphere to he divided into a vast num* 
ber of thin, concen- 
trie strata, which in 
figure 2, are repre- 
Bented b^ the spaces 
between tlie lines 
1-2, 2-^, 3^ 4-6, 
d^c. 

Now it is clear, 
Uiat the particles in 
each layer are pressed together by the whole weight of 
the atmosphere above them, while, at the same time, 
they are drawn together by the force of gravity. Vari- 
ations in the latter power are only appreciable at great 
distances from the earth, and the observed changes in 
density, at two or more stations, may therefore be as- 
cribed to the difference in the weight or pressure, of the 
superincumbent atmosphere. The height of the barotn- 
eter, at different elevations, thus denotes the density of 
the air at these points. 




ATJdOSFHBRIC STRATA. 



When is one portion of t?ie atmosphere denser than another 1 

What two caoaes principally influeoce its dentiij 1 Deacribe 2t 

W hich cause may be n^ected 1 

What inatrument maaaurea the denaitjr 1 
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29. The drtisiiy. however, is not exactly pi oportioned 
to the pressurej blialit modifications arising, from sev- 
eral causes ; the most inipuiuuiL of which is tempera- 
ture. The heat of the atmosphere decreases willi the 
altitude, and since heat expavids, and cold contracts, a 
given volume of air, -rh/th part of its bulk, at 32^. for 
every degree Fah.; or in other words, thus lessens :ind 
increases its density, a correction must be made for tins 
influence. 

29. It has been found by calculation, combined with 
observations, that, if the altitudes' are represented by an 
increasing' arithmetical series, the densities of the at- 
mosphere decrease in a geometrical progression. Thus, 
if at the height of 1SJ)1)0 feet the air, as the barometer 
indicates, is but lialf as dense, as at the surface of the 
earth ; at 36,000 feet it will be reduced to one-fourth, 
and at 54,000 feet to one-eigliih of its origmal density. 

30. The rarefaction of the air at lofty elevations, les- 
sens the intensity of sound, impedes respiration, and 
causes the minute veins of the body to swell and open. 
Thus, at a short distance, the report of a pistol upon the 
Bumniit of Mont Blanc, can scarcely be heard. Gay 
Lussac and Biot, ascending from Paris, in a balloon^ to 
the height of 25,000 feet, breathed with pain and diffi- 
culty, and upon the high table lands of Peru, the Hps oi 
Dr. Tschudi, cracked and burst; while the blood dowed 
from the veins of his eyelids. 

In coii8equei>ce of this diminution of pressure, water 
boils, in such situations, at a comparatively low tempe- 
rature; thus, at Quito in Equador, 9,537 feet above 
the sea level, ebullition takes place at the temperature 
of 19a'' Fah. 



^ wliat maniur does temperature ai&ct the density 1 

What is the law of deereaae in reference to altitude ? IHnttrate. 

What are the efiects of a rarefied aunoqptien 1 Gi^e inatanoea. 
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WEZaHT OF TBE ATMOSPHERE. 

3L We have seen, that a column of mercury, about 
thirty inches in lieight, weighs, at the surface of the 
earth, exactly the same a& ^ column of the atmosphere, 
possessing the same base. If then the globe was cov- 
ered with an ocean of mercury, thirty inches in depth, 
the latter would occupy the identical base that the at- 
mosphere does now, and their respective weights might 
be regarded as equal. 

32. Under this supposition, the diameter of the earth 
would be increased nve feet The difference then, in 
cubic feet, between the solidity of the earth, and that of 
a globe, whose diameter is five feet greater, will equal 
the number of cubic feet in the sea of mercury. This 
number multiplied by the weight of a cubic foot of mer- 
cury, viz. 848,125 11^., will equal that of the whole mass, 
which is the sameaBtheweightoftheatmosphere. Thi^ 
calculation has been made, and amounts to more than 
pie thousand bUlims of tma* 

TEMPERATURE OF THE ATMOSPHERE. 

33. The entire body of air surrounding the globe ap- 

pears to be warmed in two ways ; first by the luminous 
beams of the sun, secondly, by the radiation of heat 
from the earth. 

31. According to Kaenuz and Martin, the atmo- 
sphere absorbs nearly one-half the daily amount of heat, 
which emanates from the sun to the earth, even wlien 
the sky is perfectly serene. The remaining portion fall- 
ing upon tijc surface of the ground, elevates its tempera- 
ture, and the earth sends back into the atmosphere rays 
of invisible heat. 

35. Modern researches have shown, that all bodies, 
through which heat can pass^ absorb a greater propor- 



How if the weight of the atmosphere compated 1 

How many tons does It weigh? 
How is the atmosphere warmedl 
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' tion of non-luminous, than of luminous calorific rays. 
The heat, theieiure, tlia^ radiates from the earth, will 
not pierce the atmosphere, with the power of the solai* 
ray ; all will be relau^' 1 hy the lower strata of air, 
which in their turn, liiiluse invisible tiiermic rays, ia 
every direction. 

36. We tlius perceive, what all observation-^ have 
proved, that the upper regions of the atmosphere must 
be colder than tlie lower. It is not, however, to l)e for- 
gotten, that tlie 1 ;u pfactioa of tiie superior strata cou- 
tributes ta this coaditioa. * 

THE&tt[OM£TE&« 

ST* The temperature of the atmosphere is indicated 
by the tkermohieter, an instrument, which derives its 
name froni the Greek words, thermos^ warm, and metron^ 
measqre. It consists of a small glass tube^ terminated 
by a bulb, and is partiaJty fiUed'wtth mercury. 

This fluid is usually preferred for several reasons, the 
most important of which are, its uniform dikUum, its 
quicit susceptibiliiy to any change in temperatiA*e, and 
the ^reai range of its expansion in the fluid state. If 
the instrument is to be exposed to extreme cold, alcohol 
must be used. 

38. As mercury, like other fluids, expands by heat, 
and contracts by cold, its alternate elevations and de> 
pressions within the tube, can be made to indicate the 
corresponding change.s in the state of the air, if turn 
fixed tenijjeratures can be founds whence to reckon the 
changes. These have been discovered. II a thoiinom- 
eter is immersed, at different times, in melting &noWy 
the column of mercury invariably sinks to the same 
})lace in tlie tube, thoucrh many months may have 
elapsed between the expci itnents ; and, when exposed 
to the steam of boiling water^ the mercury always as- 



Is it heattd most by luminous or non-luminous heatl 

Are the upper or lorwer regions of the atmosphere the warmeet % 

How is the temperature of the atmosphere measured 1 

Deaciibe the thermometer. Why ie merouiy oeedl 

How are the two fixed tempecatittef obteined I 
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cends to the same height, under the same atmospheric 

pressure. 

39. Tliese invariable positions, which are termed the 
freezing and the boiling points, are mai kt^;d upon the 
scale to th^. tube is atiixed. In Fahrenheit's ther- 

niOiiicter, nuureM . the interval 



i 0/5 



Boiling jm^bl 



12 
53 



32 



FreedQfpolw 
Zexb, 



20 



between them is div ided into 180 
parts, each of which is called a 
de<r!«e (1°) and as the freezing 
point IS marked 32°, the boilin?^ 
IS therefore 212°. The divis^ions 
are extended downwards horn 
32° to 0, or the zero point, and 
when extreme degrees of cold are 
to be measured, the range is con- 
tiuuid to 20° 40° and even G0° 
below zero. If the air is colder 
than 40^ below zero, a-spirii ther- 
mometer must be used, since mer- 
cury becoiix's solid at this tem- 
perature. When Simpson, a late 
northern traveller, wmtered, in 
1838, at Fort Confidence, 67° N. 
lat., he cast a bullet of mercury, 
the temperature being- 49° below 
2ero. Upon fning" tlie ball, it passed throiitrli an inch 
plank, at the distance of ten paces ; but ilattencd and 
broke against the wall, three or four paces beyond. In 
addition to the mode of graduation adopted by Fahren- 
heit, several others prevail (C. 670), which it is nut ne- 
cessary here to fliscuss. • 

40. The theiniomctcr employed for meteorolo^i^ical 
purposes, should be made as accurate as possible, and in 




THlRllOMBTBIt 



Into how many intervals is the apace between them divided in Fahrni 
heit'aaeale) What are the intervals called? , 
How many degrees is the freezing point 1 
How many tiie boiling point? 

What the zero point ? 

When must a spirit thermometer be USedl 

Relate Simpson's ejiperiment. 
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order to ensure its perfection, many niceties must be ob- 
Bci v( (1 iti its construction. 

41. First. The tube should be of eiptal size 
throughout the whole stem ; else the same increase of 
teiiiperature wilt not produce the / "^e ^ase in the 
height of the nieicury, Uiroughout every part of the 
tube ; and so of the decrease. 

Secondly* The btilh should be large in proportion 
to the tube ; for then slight changes in temperature will 
be rendered perceptible, and the delicacy of the instru; 
ment increased. 

Thirdly. The mercury should be pure^ dry^ and 
recently boUedy in orcfer to free it from air ; and, when 
in the tube, should there again be boiled, to drive off 
any air or moi ture collected within. 

Lastlt. When the mercury is at the summit of the 
tuhej and every thing else has been expelled^ the top of 
the tube must be perfectly closed by the fusion of the 
glassy leavings when the mercury has cooled, a void 
space or vacuum above* 

42. When a thermometer has been exposed to great 
changes in temperature during the course of a year, 
the position of ^ the freezing point upon the scale is 

' found to be somewhat altered ; for, if the instrument is 
then placed in melting snow, the mercury is usually 
seen to stand a little higher than 32^, and less than 33*^* 
This change would occasion a constant error in the ob- 
servations, and meteorologists therefore verify their 
thermometers at stated intervals, in the way just men« 
tioned. 

&ELF-&£618T£RZNa THE&M0M£7£2. 

43. The object for wh^h this instrument is con- 
structed, is to Atom, in the absence of the observer ^ the 
highest aful lowest temperature of the day, or of any 
fither interval of time. 



What praoaiitions must be taken to coiutruct an aceurate thrnnometorf 

What change occurs In the position of the freesing pohit 1 

How are thongaometers verified 1 

For whatpnipoaeiaaaelf'iegiBteringthennonietsr naedf * 
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One of the most correct thermom- 
eters of this kind, now in use, is that 
invented by Mr. James Six, of Col- 
chester, which is represented in Fig. 4. 

It consists of a long glass bulb, G, 
narrowing into a fine tube, which is 
first bent downward, forming the 
arm a 6, and then upwards, forming 
the arm c d, which terminates in a 
small cavity, L. The two arms con- 
tain mercuiy, which extends down 
from a on one side, and up to c on 
the other: the bulb and the restW 
the tube are filled with alcohol, ex* 
cept the upper part of the cavity L. 
Upon the top of the mercury in each 
arm rests index (which is more 
perfectly seen at A), consisting of a 
piece of iron wire capped witli ena> 
mel, and loosely twined with a- fine 
glasd thread ; when the mercury de- 
scends, the index would fall, were it 
not for the glass thread, which, press- 
ing like a spring against the sides of 
the tube, supports the index, in any 
position. 

44. The action of the instrument 
is as follows : When an increase of temperature ex- 
pands the spirit, the mercury is depressed in the arm 
a h, and elevated in e d, carrying the index up with it. 
If the temperature now falls, the spirit contracts, and 
the mercury descends in cd; but the index remains in 
its last position, from the pressure of the glass spring 
against the tube ; and, as ii does not fit tightly to the 
latter, the alcohol above it flows readily by. 

As the cold augments, the mercury rises in a b, bear* 
ing up the index of this arm, until an . increase of tem- 
perature occurs, when the mercury here falls, and the 




gtx*u ntr*i»auTBRiM« 



Describe Six'a^ from fig, 4. 
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index continues stationary. Thus, the highest point to 
which the index rises in the arnii a6, indicates the least 
temperature, and that in cd the greatest^ that happens 
in any interval of time, as a day, or a year ; and the 
scaie, as is evident from the figure, is graduated accord- 
ingly. 

45. After every obsen^ation, each index requires to 
be adjusted ; this is done by means of a magnet, which, 
being moved down the side of the arm^ draws the index 

after it. 

Another instrument of this kind was invented by 
Biitherford, (C. 575.) 

USAH DAILY TEHIESATUXE. 

46. The mean or average temperature of the day, 
would be accurately found by observing the thermom- 
eter at intervals of an hour during the whole twenty- 
four, and dividing the sum of the temperatures by the 
number of observations, viz., twenty-four. This method 
is however too laborious, and meteorologists have en* 
deavored to arrive at the same result from two or three 
daily observations. 

47. According to Kaemtz, a celebrated German me- 
teorologist, if, in Germany, the thermometer is noted at 
6, A. M., 2, P. M., and 10, P. M., and the sum of the 
temperatures divided by three, the quotient will differ 
but little from the true mean. The rale adopted in the 
State of New York, under the direction of the Regents 
of the University, is as follows : 

Mark the temperature^ first, between daylight and 
sunrise ; seemdlyy between 2 and d, P. M, ; thirdly, an 
hour after sunset : add together the first observation, 
ttoice the second and third, and the first of the 7iext 
day, and divide the sum by six ; the result wiU be tine 
, mean. 

The mean daily temperature at Philadelphia has 
been found, from the hourly observations of Capt. Mor^ 



Wlut is uxidentood by the mm l«mp«raA^ 
B9W is U obtained} 
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decai, to be cm degree less than the temperature at 
9, A. M. 

48. By taking the average of all the mean daily tem« 
peratures thi'oughout the year, the mean anmuil tem- 
perature is ascertained. It is also obtained by the aid 
of the self-registering thermometer^ the average of the 
two extreme temperatures being regarded as the mean 
of each day. 

49. Variations op Temperature in Latitude. 
By comparing situations differing widely in latitude, it 
is found //mk^ average annual temperature of the 
atmosphere diminishes from t/ie equator towards either 
pole. This will be seen from the annexed table, which 
presents the results at the sea level, tat nine places. 



PLACES. 


LAT. 


TEMP. 


PLACES. 


LAT. 


TEJWP. 


Falkland Isles, 
Buenos Ayies, 
Rio .Tnnciro, . 
Muruuiium, . 
Trlncomalt^ 


5P S. 

34' 36' S. 
2t' 56' S. 

2-' 29' i>. 

B«>34'N. 


Fahren. 
47'=» .23 
62° .6 
73'' .96 
8P .32 
81° .32 


Calcutta, . . 
Savannah, . 
London, . . 
Melville Isle, . 


22° 35' N. 
32° 05' N. 
51°31'N. 
74°47'N. 


Pahren. 
78° .44 
64° .58 
50° .72 

1.66 be- 
low Z^. 



50. From this table it is also evident, that places hav* 
ing the same latitudes, in the two hemispheres, do not 
necessarily possess the same average temperature. 
This is owing to a great variety of bcal causes, the 
effect of which cannot always be accurately estimated. 

51. Variations* in Altitude. The temperature of 
the air diminishes with the altitude^ but the law of de^ 
crease is very irregular, being affected by the latitude, 
seasons, hours of the day, and a diversity of local cir- 
cumstances. It may however be assumed, as a gen- 
eral rule, that a loss of heat occurs to the extent of one 
degree Fah.for every 343 feet of elevati<^i. This is an 



How ia the mean annuiil temperature found'? 

How does the temperature of the atmosphere vary in respect to latitude 1 
Give examples 

Do like latitudes in different liemlBpheres have the aame temperatuiel 
IIow is tlie temperatUTe afTeeted by altitude % 
What is the general law of decteasel 
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leverage result, for the rate of decrease is very rapid near 
the earth, after which it proceeds more slowly, but at the 
loftiest ii eights is agaia accelerated. 
, 62. During the winter of 1838, the French scientiHo 
commission stationed at Bossekop, in West Fiiunark, 
69^ 58 N. lat., found this law partially reversed, amid 
the rigors of a polar clime ; the temperature of llie 
atmosphere increasing, nearly, 3° Fah. for the first 328 
feet in height ; beyond this limit it began to decrease, at 
first slowly, but afterwards with greater rapidity. Dur- 
ing the summer, the temperature decreased^ with the 
altitude. 

63. As a consequence of this gradual reduction of 
heat, a point at length may be attained, in any latitude, 
if we continue to ascend, where moisture, once frozen, 
always remains congealed. Hence, arise the .eternal 
snows and glaciers, that crown the summits of the high- 
est mountaitis. 

64. Since the mean temperature of the air is highest 
at the equator, and sinks towards either pole, the points 
of perpetual congelation are farthest removed above the 
ocean-level within the torrid zone, and gradually ap- 
proach nearer the general surface oif the earth, with th 
increase of latitude ; as the following table shows. ' 





LATITVOI. 


TOWER LIMIT OF" 
r£&P£TUAL SKOW. 


Straits of Magellanj . . . 
C/hiUy •«■■««.. 
etui to, 

Katnschfitka, ..... 
Isle of Mageroe, Norway,' 


54'^ S. 
41° 
00^ 
19° N. 
37^ 30' 
66*^40' 
71° 15' 


• 3,706 feet. 
6,009 

15,907 
11.763 " 

;i " 

6,248 " 
2,362 " 



55. A striking departure from the rule exists, how 
ever, in India ; for while on the south side of the Him- 
niiaiehs, tiie snow line occurs at the height of about 

Was It foimd trae at fiossekop 1 

What reaultfl from this gradual loaa of heat ? 

Where are the points of perpetual coDgelation neazsst to tho ocean t 

Where &rtheat from it 1 Give examples. 
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13,000 feet, on the northern acclivity it rises to the alti- 
tude of 17,000. Many explanations of this singular fact 
have been given, which admit not of discussion here. 

HUMIDITY OF TH£ ATMOSPHERE, 

56. At all temperatures moisture resides in the atmo- 
sphere, self sustained, in an hivisible state. Between the 
particles of air intervals are believed to exist, which are, 
either partially, or wholly, tilled with the vapor that 
constantly rises from the earth. 

67. This peculiarity in the constitution of the atmo- 
sphere is termed the capacity of the air for tnoisturey 
and when the intervals are full of vapor, it is said to be 
saturaied. An increase of temperature^ hy dilating the 
air, separates the particles farther from each other ; the 
intervals are thus enlarged, and the capacity of the air 
mcrectsed, A diminution of temperature is followed by 
contrary effects ; the size of the intervals is then redu 
«^d, and the capacity lessened. 

58. The capacity increases, however, at a faster cate 
: han the temperature. A volume of air, at 32^ Fan. is 
capable of containing a quantity of moisture, equal to the 
] 60th part of its own weight ; but for every twenty seveti 
additional degrees of heat, this quantity is doubled. 

Thus a body of air can contain. 

At 32^ Fah. the 160th part of its own weight. 
« 590 u sotli « 

« 8t>«^ ' « 40ih « « 
" 113^ « 20ih " 

From this it follows, that while the temperature ad' 
va}Lces in an arithmetical series^ the capacUf/ is accel^ 
erated vi a geometrical progression. 



What departure from this rule exists 7 
What does the atmosphere contain at ali temperatures'? 
What is meant by tlie capacity of the air for moi8tu:e 1 
When is the air said to be saturated 1 • 
What is the efTect of heat upon the capacity? 
What i« the effect of coUl 

Which incieaees ei the fiietoet rate, temperatiira or capacity 7 

Give inetancee. What ia the rule in leapect to temperature and capadlf 1 
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59. Absolute HuaiiDiTY. From the cruise just men- 
tioned^ it would naturally be inferred, that the quantity 
of atmospheric vapor, or the absolute fufmidity^i^ great- 
est in the equinoctial reijions. and diniiuishes towards 
either pole ; a conclusion abundantly supported by lacts 
as will l)c bhown hereafter. 

60. The air over the ocean is always saturated, and 
upon the coasts, in etjual latitudes, contains the greatest 
possible amount of vapor ; but the quantity decreases as 
we advance inland, for the atmosphere of the plains of 
Oronoco, the steppes of ^Siberia, and the inteiior of Wew 
Holland, is naturally dry. 

f>l. The absolute humidity diminishes with the alti- 
tude, but the rate of reduction is not fully known. By 
comparin^r different seasons and hours, it is found to bo 
greater in summer than in winter, and less in the morn* 
ing than at about mid-day. 

62. Relative Humidity. This must not be con- 
founded with absolute humidity. By. relative humidity 
i$ understood the dampness of the atmosphere^ or its 
proximity to saturation; a state dependent upon the 
mutual influence of its absolute humidity and temperor 
ture; for a given volume of air may be made to pass 
from a state of dampness, to one of extreme dryness, by 
merely elevating its temperature, without altering, in the 
least, the amount of moisture it contains. 

Thus one hundred and sixty grains of air, containing 
one grain of vapor, would be d{unp at 36° Fah., but hot 
and withering at the temperature of 90°. By the reverse 
of this process, a body of hot air will not only become 
humid, but will even pari with a portion of its original 
moisture, if it is cooled down to any ^reat extent* 

63. From the numerous observations of Kaemiz, at 
Hallci and on the shores of the Baltic, it appears that 



What Ib afimhi/e humidity ? Where is absolato hamidity the grealeet I 
How does it diminieh 1 Where Is the air always saturated 1 
What is said of inland regions 1 What is the effect of aiatnde 1 
Compare summer and winter, morning and mid-day. 
What is relative humidity 7 Upon what does it depend 1 Illustrate tha 
affects of a chanfa of temperatures the absolute humidity being the aama. 

2* 
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the relative humidity, in those situations, is highest m 
the morning" before sunrise, aiiH low est. or farthest re- 
moved from the [)oint of Ratui;ii i( ii, at the hour of the 
greatest diurnnl heat. Coiie^poiiding results have beea 
obtained iu ihis country. 

BY0EOM£TER. 

64. Those instruments by which the humidity of the 
atmosphere is measured are called hygrometers^ from 
the Gi'cck words iigros^ moisf , and metron, measure. Of 
these there exists a great variety, differing both in form 
and pirnciple ; but those are esteemed the most accurate 
m tho.ii iudicaiions, that arc constructed upon the prin- 
ciple of condensation, to which allusion has aheady 
oeen made, (Art, 62,) but a more extended explanation 
IS here required. 

65. Imagine a brightly polished metallic vessel, par- 
tially filled with water, at the temperature of 60^ Fab., 
to be placed in a room at the same temperature. If 
pieces of ice are now thrown into the vessel, the water 
is gradually cooled down, and as this reduction proceeds, 
the lustre of the exterior surface will be dimmed, at a 
certain moment, by a ilne dew. This is caused by the 
deposition of moisture from tlie atmosphere, which, in 
contact (vith the cold surface of the vessel, is now cool* 
ed down just beyond the point of saturation. The tern* 
perature of the water at tnis instant, which is the same 
as that of the vessel, is termed the dew-paint. 

66« By marking the difference, in degrees, between 
the temperature of the air and the dew-point, the rela- 
tive dryness of the atmosphere, or its remoteness from 
saturation is obtained. But observations, like these^ 
lead also to other important results; for, by the aid of 
tables, giving the elastic force of aqueous vapor, at dif 
ferent temperatures, the absolute weight of the vapor, 
diffused through a given volume of air can be determin- 



Wha did Kaemu obaorve In respect to relative humidity? 
Wliet is a liygronieter 1 Explain the principle of condensation. 
What is the dew-point 1 How is the lelative humidity obtained 1 
What oHier results con be deduced 1 

■ 
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ady and likewise the proporCion it contains, to that which 
would be required to saturate it. 

6r. The hygrometer of Prof. 
Daniell, which ' is extensively 
ased, is thus constructed. 

A glass tube, e % figure 6., is 
bent twice at right angles, and 
terminated by two bulbs, 6 and / 
of the'same material. The bulb 
b is partly Med with ether, into 
which is inserted the ball of a 
delicate thermometer^ enclosed 
in one arm of the instrument. 
All air is excluded from the tube, 
which is filled with the vapor of 
ether; the other bulb,/, is cov- 
ered with a piece of fine mus- 
lin, a, and upon the pillar, g h, 
a second thermometer, k Z, is fixed. 

OS. Obsei vations are thus made. The instrument being* 
placed by an open window, or out of doors, a few drop:3 
of g^ood ether are suHered to fall upon the nuislin-covered 
bulb, which, from Uie rapid evaporation of the ether, 
souu becomes cool, condensintr the ethereal vapor with- 
in. In consequence of this eflect, the ether in b evapo- 
rates, thus causing, not only in the ether, but also in the 
enclosing bulb, a reduction of temperature, which is 
measured by the interior thermometer, e d. 

As the evaporation at a proceeds, the temperature of 
b still continues to fall, and, at a certain point, the at- 
mospheric yapor will be seen gathering in a ring of dew 
upon tlie glass, and the difference in degrees, at this 
moment, between the external and internal tltcnnome- 
ter, denotes the relative dryness of the afmos{)here. 
Thus, if on one dav the exterior thermometer siot>d at 
65°, and the enclosed simk to 50° ere the dew-ring ap- 
peared — and on another, tiie former was at 73°, and the 
latter had descended to 68^ before the glass was duiimed 



Describe Daaiell's hygrometer, fig. and explain the mode of takii^ 
observauuos. 
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wUli moisture- in the first instance the dryness of tlie 
ainiospheie wouiil be indicated by lo^aod iu the second 
by 5. 

69. The action of this ins t rum cut is almost inst^uu 
taneous, for the enclosed thermumeter begins to lull in 
two seconds after tlie etlier is dropped. It is usual, 
where great precision is required, to read off the de- 
grees of the interior thermometer at the moment the 
dew-ring appears, and also at the moment it vanl>hes ; 
the average of the two observations being taken as the 
true dew-point. 

70. In England the dew-point is seldom 30° Fah. 
below tlie temperature of tiie air ; tiie greatest differ- 
ence at liiidson, Ohio, as given by Prof. Loomis, is 36^. 
In the tropical regions its range is the most extensive ; 
for, in the burnnig clime of India, the dew-point has 
sometimes sunk as low as 29^, while the temperature 
of the atmosphere was 90^ — a diii'erence oi sixty-one 
degrees. 

71. Height of the Atmosphere. Whether the 
atmosphere is boundless or not, is a question which 
natural philosophers have been unable to determine. 
De Luc regards it as unlimited, and imagines the plan* 
etary spaces to be filled with a medium, so exceedmgly 
attenuated as not to retard the motions of the heavenly 
orbs. The earth and the various celestial bodies are 
supposed to condense this subtil fluid around them into 
an atmosphere, by virtue of their respective attractions. 

72. Were this true, the densities of the atmospheres 
thus formed would differ, on account of the variations in 
the size and mass of these bodies. It therefore consti- 
tutes a strong objection to this hypothesis, that the den- 
sity of th% atmosphere of Jupiter (as shown by the re- 
fraction of the light of his satellites, at the period of their 
eclipses) is not superior to that of our own ; although 
the force of attraction at the surface of this planet is al- 



How far bolow the temperature of the air doea the dew-pjint descend in 
England '? in Ohio 7 in India? Is the height of the afmo?) /lere known? 
What is De Luc's opinioo 1 What is the olyectioo to t^ j h/f odiMis 
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most three times greater than that of the earth. More- 
over, when Venus passes near the sun, she exhiljits no 
atmosphere, accurding to WoUastoii, iiotvvithsiaading 
her size is nearly equal to that of the eartii. 

73. Those who maintain that the atmosohere is lim- 
ited, sn})|>ose, that at a certain distance from the earth, 
the expansive energy of its particles is exactly balanced 
by the force of gravity, and that beyond this point, an 
intinite void extends. Tfiis distance has been computed 
to be not far from 22^^00 miles from Ihe centre of Uie 
globe, 

74. Whichever theory may be adopted, it is certain 
that the atmosphere extends to very great heights. Dr. 
"VVollaston has shown, by calcnlation, that the atmos- 
phere, at the aitiliide of neiu lyforti/ ?niles, is still suffi- 
ciently dense to reflect the rays of the sun, when this 
luminary is below the horizon. It is capable of trans- 
mitting sound at a loftier elevation, for in 1783, a vast 
meteoric body exploded at an altitude of more than 
Jifti/ miles^ the sound reaching the earth like the report 
Of a cannon. Still farther ; if the combustion of meteors 
is truly assigned to the action of the atmosphere, the ex- 
istence of the latter, at the distance of one hundred mUes 
from the earth, may be regarded as proved. 

What do the Mlfoeatas of a llmitod atmoopfaero OQiiiiooof 
How ftr it this point torn the earth'a oBBtiol 
At what height doea the atmoaphere lefleet light 1 

At \7hat altitude transmit sound 1 

Wiial Infarence ia drawn from the combuition of mateom) 
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CHAPTEE L 

OF WmD8 IN GENE&AL. 

75. Cause of AV^ind. ^\ i/td is air in motion^ occur- 
ring whenever the repose of the aiinospliere is broken, 
from any cause whatsoever. It is usually the re«uit of 
a change of temperature, and consequently of density, 
hut the rush of an avalanche, causing' a sudden displace- 
ment of a vast volume of air, has been known to pro- 
duce a momentary wind of great violence, along the 
borders of its path. 

76. If two contiguous, upriglit cohinins of air, with 
their bases at the same level, are unetpially heated, llie 
colder is the denser, and at its base a current will How 
towards the lighter column, (just as the compressed air 
within a bellows streams out into the rarer atmosphere,) 
but at the top, to supply this ios^ a counter current pre- 
vails. 

77. This is illustrated by Franklin's simple experi- 
ment; if a door is opened, communicating between a 
warm and cold roona, and a lighted taper tlien placed at 
the bottom of the doorway, theHame is bent towards the 
warm apartment \ but if held at the top, its direction is 
reversed. 

78. On account of the unequal distribution of heat 



What does pftrt second treat of? What does chapter first tveat of 'I 
Define wind. When does it occur 1 

If two contiguous cclumns of air are unequally heated, what motion 
takes place 1 State Fianklin's experiment. 
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over Ifie surface of the globe, phenomena like tliese occur 
in nature, on a widely extended scale ; for if two neigh- 
boring countries are unequally heated^ the air above 
them partakes of their res peel ive temperatures, and 
there arises aX the surface of the earth, a wind blowing 
from the colder to the irarmcr region, while at the same 
time, a directly contrary current prevails in the upper 
strata of the atmosphere. 

79. Velocity. Every gradation exists in the speed 
of winds, from the mildest zephyr, that scarcely bends 
the flower, to the most violent hurricane, which pros- 
trates the giant oak, and hurls to the ground the proud- 
est works of man. They have been classed as foilowS| 
by SmeatOD, according to. their rapidity and force. 



Velocity of the vviDil, 
miles p«r hour. 


Perperiilicular force on one square 
tbot in Ills, tvoirdupoia. 


Common atipuUaUou of 
such winds. 


1 

4 

5 
10 
16 
20 
26 
30 
35 
40 
60 
60 
80 
100 


.005 
.079 ' 
.123 
.492 

1.107 

1.9Sd 

3.07.5 

4.-129 

6.027 

7.873 
12.300 
17.715 
31.490 
49.200 


Hardly perceptible. 
1 Gentle wind. 

I Pleasant biisk gale. 

jvoiybriak. 

^ High wind. 

Very high. 
Storm. 
Great Storm, 
Hurricane. 
Violent Horrieane. 



80. The velocity of the upper currents of the atmos- 
phere, is as variable as that of the winds which sweep 
over the surface of the globe ; for the aeronaut, Green, 
who ascended from Liverpool, in 1839, to the height of 
14,000 feet, encountered a current that' bore him along 
at the rate of five miles per hour, but upon descending 
to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per houn 



How does it explain the orifrin of winds 1 
What is said of the velocity of winds? 

Give the comnron nppcllations of wind*^, with theif TOlOdty and £oiOO» 

What is said of the speed of the upptor currents? 

Give examples. * 
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On one occasion, his balloon was earned over the space 
of ninety-seven miles in fifty-eight minutes. 

81. Anemometkr. The velocity of ihe wind is esti- 
mated by the anemometer^ an inytruinent so called from 
the Gieek words, ancmoSy wind, and metron^ measure. 
One of the best is Woltmann's. It consists of nothing 
more than a small wiiultiull, to which is attached an 
index, in order to mark the number of ii'\ u!utions per 
minute; the number of course increasing Avitli the speed 
of the wind. Now if the atmo^^phere is still, and the 
anemometer is carried against it at the rate, for instance, 
of ten miles per hour, the nurnber of its revohuiuus 
will be exactly the same as if the instrument was sta- 
tionary, and the vanes resolved by the force of a breeze 

• possessing the same velocity. 

82. If then, upon a caiiii day, the anemometer is 
taken upon a laihoad car, moving, for example, at the 
speed of twenty miles an hour, and the number of revo- 
lutions for hall an hour accurately noted, we can obtain, 
(by dividing this result by 30,) the number of revolu- 
tions per minute, correspondinj};" to those of a wind hav- 
ing a velocity of twenty niiles per iiour. In this manner,^ 
a table adapted to the iii*uument can be constructed 
for all wdnds, moving with a greater or less rapidity. 

The velocity of ilie higher aerial currents is ascer- 
tained by the speed with which the shadow of a cloud 
passes over the surface of the earth. 

83. FoRci:. The force of the wind is obtained, by 
observing the amount of pressure it exerts upon a given, 
plane surface, perpendicular to its own directions. If 
the pressure-plate acts freely upon spiial springs, the 
■power of the. wind is denoted by the extent of their 
compression^ and that weight will be a measure of its 
force, which produces the same cflert upon the springs. 

This instrument, which is also termed an anemamcter^ 



What is an anemometert Dofleribo Woltnanii*% and ths aiodo of com- 
puting by it the Tdodtf of the wind. 
How do we judge of the epeed of the upper eumntvl 
In what manier is the foroe of the wind estimated 1 
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is constructed in exactly the same manner as a letter 
weigher, where a weight of half an once compresses l\\e 
spiral, bringing down the index to a certain division of 
the scale. 

84. If, liowrver, the velocities of the difierent Avinds 
are already kauwn, and the force of otic obtained, tliose 
of the rest can he found by the following rule, viz. t/tat 
their forces are as the squares of their velocities. For 
instance, if the power of a gale, possessing the speed of 
twenty miles an hour, is known to be 1,968 pounds on a 
square foot, that of a storm witii a velocity of fifty aiiies 
can thus be ascertained by a simple proportion. 

(20x20) (50x50) lbs. lbs. 
4UU is to 2500 as 1,963 is to the answer 12,30. 

Should the forces be known^ it is obvious that tho 
yelocities can be computed by reversing this process. 

. "Winds may be divided into three classes, constant 
PERIODICAL, and variabCe. 

OOflrSTANT WINDS. TllADE WINDS. 

85. The most remarkable instance of the first classy 
is that vast current, which, in the torrid zone, is ever 
sweeping around the globe, in a westerly direction ; and, 
from its advantage to commerce, in always affording a 
steady gale to tlie bark of the adventurous mariner, is 
denominated the trade wind, 

86. So uniform is its motion, that on the voyage from 
the Canaries to Cumana,on the northern coast of South 
America, it is scarcely necessary to touch a sail ; and 
with equal facility, the richly laden Spanish galleons 
were accustomed to cross the Pacific from Acapulco to 
the Philippine Isles. 

87. Origin. The cause of this wind has been thus 
explained by Ualley, an English philosopher. Frotyi the 
vertical position of the sun, the regions near the equator 

If the velocities are known and one force^ wbAt else can be obtained 1 

Give the rule and the example, ^ 
ll the forces nre known, wlnt can be computed? 
Into how many einsses are winds divided 7 Name them. 
What is the trade wind 1 How does it originate 1 
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are intensely heated, while those more reniotoly situated 
are less po ; the temperature gradually diaiiiiUUing to- 
wards either pole. (Art. 49.) In accordance with the 
principles just unfolded, (Art. 78,) an upper current will 
llow IVoiu the equator toward.-? the poles, and a cold cur- 
rent at the surface of the earth, from the poles and the 
higher latitudes, towards the equator. Here the air, 
becoming rarefied by the heat, rises, and mingling with 
the upper wind llows back again to the polar climes; 
thus establishing a perpetual circuit. If then tiie at- 
mosphere was subject to no other influences, a north 
wind w^ould prevail in the torrid zone, in the northern 
hemisphere, and a south in the southern; but these 
directions are modified bj the rotation of the earth, in 
tiie following manner. 

88. Every thing upon the surface of the globe at the 
equator, is carried towards the east, at the rate of aliout 
sixty-nine miles in four minutes ; but as we recede to 
the north or south of this lintf, the eastern velocity is so 
diminished, that at the latitude of 60^ it is reduced to 
one-half, and at 83^ to less than one-eighth of its ordinal 
amount. 

A wind, therefore, blowing from the high latitudes 
towards the equinoctial clime, is constantly passing into 
regions where all terrestrial objects have a greater- east^ 
erly velocity than itself. They will consequently move 
against it, and as they are apparently stationary, it will 
thus acquire a relative westerly motion. Just as when 
a traveler, outstripfMng the wind that blows at his back| 
feels a breeze directly in his face. 

89. Thus, the polar wind in the northern hemiaphere 
is influenced by two forces at the same time, one of 
which ca&ries it to the south, and the other to the west ; 
and the course it assumes by their combined action must 
he according to the laws of compound motion, (C. 249,) 
some intermediate direction, tending from the north- 
east to the south-^oest ; and such is the fact, according 
to all observations. 



What two foroes infliienee the polar wind in the northern hemiaphera t 
What is the direction of the trade wind in thia hemiapheiel 
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In a similar manner, the lower current in the soutfir 
em hemisphere^ acquires^a direction from the south-^asi 
to the north-west 

The passa«;e of a vessel across a river is an illustra- 
tion in point. If (he ve&sel is steered before the wind, 
from east to west, while the stream is flowing from north 
to south, she wiii be seen by a spectator on shore sail- 
ing from north-east to south-west. 

90. In the Atlantic and Pacific, the breadth of the 
trades increases as they flow towards the western shores 
of these vast oceans, the wind gradually changing to 
the east, by the mutual action of the two currents. 

91. The land is heated by the sun far more intensely 
than the ocean. This is owing to the fact that the solar 
rays warm only the surface oi the earth, scarcely pene** 
trating an inch in the course of a day, while during the 
same time they pierce the water to tiie depth of many 
fathoms. It has been computed that the beams of the 
sun communicate daily a hundred times more heat to 
a given extent of ground than to an equal surface of 
water. On this account, the proximity of highly heated 
continents produces local variations in the direction of 
these winds ; for the air, being more rarefied over the 
land, ascends, and to supply its place, the cooler air of 
the trades sets in from the sea towards these localities. 

92. Tims, on the African coast, between Cape Baja- 
dor and Cape Verde, a north-west wind prevails within 
the limits of the north-east trade ; and off the coast, from 
Sierra Leone to the Isle of St. Stephen, the 'trade wind 
gradually changes to the south and south-west, veering 
to the west as it approaches the shore. From the same 
cause, the south-east trade becomes a south wind abng 
the coasts of Chili and Peru. • 

93. Limits of the Trade Winds. Id the Pacific, 
the north-east iradc wind prevails betweca the 25th 



What in the southern hemisphere 1 Illustrate the subject. 
What is «aid of the breadth of the trades 1 

W hy is the land mora Snteneely heated than the ocean 1 How doei thJa 
difllerence cauee a local ▼ariation in the direction of the trades) 
CHve instances of auoh changes. State the limit of the trade windi. 
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aiid 2(1 degree of north latitude. The extent of the 
eouth-east trade is not precisely- ascertained, but it prob- 
ably ranges from the 10th to the 2l8t degree of soutli 
latitude. ' In the Atlantic, the former is comprised be- 
tween the 30th and 8th degrees of noi th latitude, and 
the latter within the limits of the 3d degree of north 
and the 28th degree of south latitude. 

94. The limits, however, are not stationary, but are 
dependent upon the season— ^vancing towards the 
north during the summer of the northern hemisphere, 
and reccing to the south as the sun withdraws to the 
southern tropic. ' Thus, on the west coast of Europe, the 
north-^st trade has been found to extend as &,r as Ma- 
deira, and even to Mafira, in Portugal 

95. Calms. In the vicinity of the Cape Verde isles, 
between the 8th and 3d degree of north latitude, is a 
tract detioininated by mariners the raivy sea. This 
region is doomed to continual calnis^ broken up only by 
terrific storms of thunder and lightning, accompanied 
by torrents of rain. A suffocating heat prevails, and 
the torpid atmosphere is di^^turbcd, at intervals, by short 
and sudden gusts, of little extent and power, which 
blow from every quarter of the lieavens, in the space of 
an hour — each dyinir away ere it is succtKlt d by an- 
other. In these latitudes, vessels have sometimes been 
detauied for weeks. 

In the Pacific, the region of calms is comprised within 
tl)e 2d degree of north and south latitude, near Cape 
Francis imd the Galapagos islands — a narrow belt of 
eccan separating the two trades. Here, hkewise, dread* 
ful tempests prevail. 

96. According to tlurnboldt, a similar state of the at- 
mosphere exists, during the months of February and 
March, on the western coast of Mexico, between the 
13th and 15th degrees of north latitude, and 103d and 
106th degrees of west longitude. A ship, richly laden 
with cocoa, was here becahned for the space of twenty* 

Are the limits stationary ] Upon \v!)at do they depend 1 
Give examples. Where is the rainy sea 7 Describe it. 
Where are the calms in the Pacific 1 What iiietance is given 1 
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eight days, when the water failing, the crew were com* 
peJled by their sufferings to abandon the Teasel and 
seek the shore, eighty leagues distant, in an open boat. 

97. The calms a rc supposed to be caused in the fol- 
lowing manner* The adjacent continents to the east 
of these stagnant regions being far more intensely 
heated than the sea, uie air over the latter would rush 
easterly towaixls the land, were it not arrested by a con- 
trary impulse in the direction of the trade wind. If 
these opposing forces are at any time equally strong, the 
atmospnere is motionless, and a dead calm ensues--^ 
just as a vessel, in ascending a stream, continues sta* 
tionary when the power of the wind is exactly balanced 
by that of the current When, however, the relative 
strength of these forces rapidly changes, those short and 
sudden gusts which have been noticed will arise^ as one 
or the other of these impulses prevails. 

98. The presence of a highly heated region is strik- 
ingly marked in the ease of the rainy sea. To the east 
lies the great African desert, from whose burning surface 
a vast volume of hot and rarefied air is perpetually ris- 
ing. 

Another cause must not be forgotten, which applies, 
more particularly, to the calms near Cape Francis. This 
tract IS directly under the equator, and from its peculiar 
situation, the upward current of rarefied air is probably 
here so stroQg as to neutralize the action of tne trade 
winds. 

The limits of the calms vary also with the seasons. 
Thus, in the Atlantic, the range in August is between 
3^ 1$ and 13^ N. Lat, but in February, extends from 
1° 16' to 6° N. Lau 

■ 

WIHBtf OF TBE BI&HEB LATITUDES/ 

99. The upper equatorial currents, flowing off to- 
wards either pole, descend, on their passage, to the 
earth, and since they carry with them an excess of east- 
erly velocity, will becoiiie, upon the principles already 

. I — ~ 

How do the calms originntp ? What are their limits? 
What ia the direction iha wind in the hinder iatiiudca ? 
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explained, (Art. S9,) south-westerly winds^ i?i the north- 

eni hemisphere^ and iiurth-wpsterh/ in the southern. 

Such would be the cuui>e ui these currents if left to 
tli' iji^eives ; but as they meet on ilieir passai^e with 
counteracting- winds, and are influenced by a variety of 
causes, their direction is more or less chani^ed ; yet not 
so much, but that a marked predominance in the fre- 
quency of westerly winds exists in both hemisplieres. 
100. That this is true, in regard to the northern hem* 



Flf.6. 



•Russia, N. 87® W. 

West. 



France, S. 88^ VV - 

North America, S. 86^ W. 



Gtirmany, S, 1%^ W; 

England, S. 66^ W. 
Denmark, W 

Sweden, S. 50° W. 




fnSVAILlMa OIBHOTIOV OF TRB 



wmo nr oiffbrbht oouHTSisa. 



• Kacmtz remarks of Ruaaia, "that the number of observationa haiv 
not been aufflcieot to enable ua to deduce any thing conclusive." 

What gives thera this directioni 

£z|ilain fig. 6., and give the oouxae of the wind ftn the wweaX ooontriei. 
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isphcre. is obvious from the annexed cut, figure 6., which 
presents the results of a iiiultit.u<l«' of observations. A 
quarter of the circunifcroiict; oi" a circle is here supposed 
to l>f* idcd into niiK'ty parts, called degrees, and the 
inclination of the several lined ou which the auows are 
placed, to the north and south line, measures, in degrees, 
the avei age or niecuh course of wiiid^ ia the several 
places nientioneti. 

The degrees are reckoned from the south, in all cases 
except Russia, wliere they are counted from the north. 
The points of the arrows indicate the quarter towards 
which the wind blows. 

101. The prevalence of westerly winds in the high 
latitudes of the north is also shown by the fact, that the 
average length of the outward passage, by packet, from 
New York to Liverpool, is but twenty-three days, while 
that of the return voyage is forty. It also appears, 
from the observations of Hamilton, during twenty-six 
voyages between Philadelphia and Liverpool, extending 
from 1798 to 1817, that, out of 2029 days on which the 
wind blew, it came from the west 1101 ; a result agree- 
ing with the observations of McCord, at Montreal, who 
found that, firom 1836 to 1840, inclusive, the westerly 
winds at this station constituted more than one-half of 
all the winds that blew, bearing the ratio of 54 to lOU. 

102. In the high southern latitudes, this same fact 
has been observ^. Lieut Maury remarks, that at 
Cape Horn there are three times as many westerly as 
easterly winds, and that he has seen vessels arrive at 
Valparaiso and Cailao, after having been detained off 
the Gape, hy gales and head winds, for the space of 
eighty J and even tme hundred and twenty days* In the 
laie Exploring Expedition, the ship Yincennes remained 
at Orange Harbor, in Terra del Fuego, for the space of 
sixty days, during which time the weather was exceed- 
ing variable ; for thirteen days the wind blew from the 
north, eastward, and south-east, while for forty-seven^ it 
prevailed from the west 



Slate &cts respecting westerly winds In the high northern btitiulsii 
The same in legaid to the bi^ southern latitudes. 
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U7FES TVEaTESIiY WIND OP TH£ T&OFIOS. 

103. The prevalence of a westerly wind, above the 
trades, within tiie torrid zone, is shown by many con 
elusive facts. In 1812, ashes from the volcano of St 
Vincents were carried easterly, failing upon the island 
of Barbadoes ; and the captain of a Bristol ship declared, 
that at this time volcanic dust descended to the depth of 
five inches, upon the deck of his vessel, at the distance 
of five hundrM miles to the east of the former island. 

In 1835, an eruption occurred of the volcano of Con 
sanguma, situated in Guatimala. The heigiit of the 
crater is 3800 feet, and from it issued clouds of ashes, 
which obscured the sun for five days, and being borne 
along in a north-easterly direction, by the upper cur* 
rent, fell in the streets of Kingston, Jamaica, seven hun- 
dred arid thirty miles distant. Even in the latitude of 
Teneriffe, nearly all travelers have found a westerly 
wind at Uic suiimiit of the peak, while the regular tiaue 
was blowing iu a cuiitiaiy du ection, at the level ul the 
ocean. 

PE&XOPICAL WINDS. 

104. Monsoons. In certain countries within and 
near the tropics, the regular action of the trade wind is 
destroy^ by the monsoons^ which are periodical gales, 
deriving their name from the Malay word fnimssinj sig* 
nifying seasons. These winds blow, from a certain 
quarter, for one half of the year, and during the other 
half from an opposite point ; and at the time of their 
shifting, dead calms, tempests, and variable winds alter- 
nately occur. 

105. From April to October, the sauth-wesi moosoon 
prevails north of the equator, and the south-east in the 
southern hemisphere; but from October to April, the' 
north-^est monsoon blows south of the equator, and tlie 
north-east in the northern hemisphere. 



What is ilie direction of the wind above the trades 1 Give the proo£i. 
What ara the monaoom ? In what manner do they Wow f 
From April to October what monioona prevail, aod where 1 
From October to April what monaooni prevail, and wheie) 
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This may be taken as a general rule, subject to the 
following inodihcation ; that the south-west and norlli- 
west monsoons occur later in the season, according as 
the regions over which they prevail are farther removed ^ 
from the equator. 

Thus?, in India, at Anjengo, on the Malabar coast. 
6° 30' N. Lat., the south-west monsoon commences as 
early as the 8th of April; at Bombay, 19^ N. Lat., 
about the 15ih of May. In Arabia, it begins a month 
later than on the shores of Africa, and in the northern 
part of Ceylon, fifteen or twenty days earlier than on 
the Coromandel coast 

106. Origin. The cause of thcRe leij^iilar changes is 
to be sought in the effect produced by the sun, during 
his apparent annual prot^ress from one tropic to the 
otlier. Ill the Indian ocean, for exarnple, as this lumi- 
nary advances towards the north, the zone of greatest 
rarefaction recedes from the equator, and the north- 
east nioririoon (which is nothing more than the trade 
wind) then subsides, and is succeeded by calins and va- 
riable wind>; ; but as the summer approaches, and the 
sun arrives at tlie northerii tropic, the southern portions 
of the Asiatic contment become hotter than the ocean, 
and the humid air from the equatorial seas flows north- 
ward to the land. South-west winds will therefore arise. 
(Art. 99,) whicii prevail from the peninsula of India to 
the Arabian ^ulf until ( lip time of the autumnal equinox. 
Duruig tlie same {lei iod die soiitti-east monsoon, in the 
southern hemi-[i!iere, tempers tlie heat of Lower Guinea, 
and brings raui to the shares of Brazil. 

107. The motions of the atmosphere, however, are 
reversed^ as the sun crosses the equator and approaches 
the southern tropic. Pouring his fervid rays upon 
Southern Africa, the vast tract of New Holland, and 
tlie splendid clime of Brazil, the air flows in from the 
north and north-west, towards these hi<rlily heated rc- 
jions^ and winds from these quarters prevail for several 



What modifies the geimal rule 1 Give examples. 
How aio the monaoonf eauied ? 

3 
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months: the moDsooo extending along the coast of 
Brazil, from Cape St Augustine to the Isle of St Catli* 
erine. But now the influence of the sun is partially 
withdrawn from Southern Asia ; it glow^ no longer be- 
« neath his vertical rays, and over the cooled earth the 
north-east monsoon resumes its. wonted course* 

108. Land and Sea Breezes. On the coasts and 
islands w iihin the tropics a sea breeze daily occurs, 
about nine o'clock in tlie iiiorning'; at first, gcuily blow- 
ing towards the shore, but gradually increasing in force 
iHiiil the liiiddle of the day, when it becomes a brisk 
gale ; after two or three o'clock it begins to subsliie, 
and is succeeded at evening by the land breeze, which 
blows freshly oil the coast during the night, dying away 
in the inurniag, when the sea breeze recommences. 

The extent of these winds is variable ; in some places 
they are scarcely noticed beyond the rocks that line the 
beach ; at others they are perceptible three or four 
leagues from land ; while such is their strength on the 
Malabar coast, that their efTects are icit ai the distance 
of twenty leagues from shore. 

These breezes are occasionally met with in every 
latitude. They are perceived upon the coasts of the 
Mediterranean, are sometimes felt at Bergen, in Nor- 
way, and eveu faintly discerned on the shores of Green- 
land. 

109. Origin. During the day, the islands of the 
tropics acquire a far more elevated temperature than the 
adjacent ocean; (Art. 91.) the atmosphere above them 
partakes of their warmtli, and currents of rarefied air 
ascend from the interior of the land. To supply the par- 
tial void thus created, the cool, dense air of the ocean 
llows in from every quarter towards the shore, and the 
sea breeze then prevails. 

About mid-day the sea breeze is strongest, since the 
velocity and force of the ascending current is then at its 
height, for the sun now acts with its greatest energy ^ 

Deieiibe the land aod Ma brsesea. Where do they pierattt 
How do they oricinale 1 
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but as this luminary descends in the heavens, and sinks 
beneath the waves, the land rapidly loses its heat by 
radiation, while the temperature of the ocean at its sur- 
face is. scarcely changed. This is owing to the fact 
already stated) that the rays warm only the surfaco of 
the earth, but are diffused through the water to a con* 
siderable depth ; and besides, whenever the upper stra- 
tum of the fluid is cooled, it becomes heavier and sinks ; 
and a warmer stratum rising to the top the surface thus 
maintains an almost unvarying temperature. For these 
reasons, the land, at length, becomes colder than the sea, 
while the air above it, acquiring its tempeiaturc, is con- 
densedj and llowing off in evciy direction (o the warm 
and lighter atmosphere that lloals above tlic ocean, 
gives rise to Llic laud bretze, whicli pievaiia throughout 
the night. 

110. Variable Winds. From the extreme mobility 
of the air, the direction of the wind is affected hy a 
countless variety of causes, such as the nature of the 
mnU^ the inequcdities its surface^ the wdmty^ of the 
ocean and of lakes ; and the temperature^ course and 
proximity of mountains. 

These local influences are, for the most part, con- 
trolled, where the great aerial currents exist in all their 
power ; but in the extra-tropical regions, where the force 
of the latter is diminished, a perpetual contest occurs 
between the permanent and temporary currents, giving 
rise to constant fluctuations in the streng th and direction 
of the wind. 

111. It appears from observations made at Toronto, 
and at Hudson, Ohio, that although the wind blows 
from every point of the compass during the year, } et, 
such is the force of the northerly gales, that, in these 
latitudes, there is a general motion of the atmosphere 
from N. W. to S. E. In England, on the contrary, from 
the hourly observations made at Plymouth, there seems 



In what regions do variable winds prevail 1 What appeail to be thi 
general course of the atmosphere at Toronto and Hudson 1 
WhatiaEogUmdl 
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to he an annual movrment of the atmosphere, from iho 
8. S. E. towards the N. N. W. 

112. Physical Nature of Winds. Winds are hot, 
cold, dry ui umist, according" to the direction u /tence they 
blow^and the kind of surface over which they pa^s, in 
Europe the westerly winds are w arm and uioist, and the 
iioi Lii-casie.rly cold and dry ; for the forriu-r coiue over 
the sea Iruui tlit- lower latitudeSj and tlie latter sweep 
across the laml iVoin the polar climes; ui our owu cli- 
mate, a north-castei iy wind is cold and inuist. 

A south wind in lire northern hcraisphere is warm 
and hinnid, since it comes liuiii warmer regions, and its 
capacity for moisture is constantly diminishing in its 
litii tlnvard progress j iiom opposite causes a north wind 
is keen and dry. 

In the souLlii'i ii lieniisphere the uature of these winds 
would be iritercliaiiged. 

113. Puna Winds. In Peru, between tlie Cordilleras • 
and the Andes, at the height of 12,000 feet, are vast 
tracts of desolate table-land, known by the name of the 
Puna, Ttiese regions are swept, for four months in 
the year, by a pieicingly cold wind from the snowy 
peaks of the Cordilleras, which is so extremely dry, 
and absorbs with such rapidity the moisture of animal 
bodies, that it prevents putridity. If a mule liappens to 
die upon these plains, it is converted, in the course of a 
few days, into a mummy, even the entrails being free 
from the slightest evidence of decay. 

According to Prescott, the ancient Peruvians pre- 
served t!ic bodies of tiieir dead for ages, by simply ex 
posing thcrn to the dry, cold, and rare^ed atmosphere of 
the mountains. 

114. SiMOOBC. Upon the arid plains of Asia, and es 
peciaily on the vast deserts of Africa, an Intensely hot 



Whence arise the diflerences in the properties of wind } 
What la the natuie of a south wind in the northern hemiirphera^ and 
why 1 Of a north wind, and why 1 
Why would their properties be xeTorsedin the southern hemiapheiel 
Describe the Puna winds. What lact is stated by Pnicott 1 
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wind occasicmally prevails. In Arabia and Syria, it ia 
known by the name of the simoom, from the Arabic word 
sam/f/UL signifying at once hot and poisonous. In Egypt 
it is termed diamsin, fif^Vi because it usually continuef 
ffty days; while in the western parts of the great 



Guinea, it receives the name of harmaitan. 

The stories of the Arabs, and the accounts of the 
earlier travelers, in regard to this wind, are clothed 
with marvelous fictions. It is described as a poison* 
ous, fiery blast, that instantly destroys life; none ever 
surviving the effects of its deadly influence, if once in* 
haled. But these, fables are now exploded, and the 
simoom is known to possess no other properties than 
those which naturally belong to an exceedingly hot and 
parchmg wind. 

115. Cause. Its origin is to be sought in the pecu- 
liarities of the soil, and the geographical position of the 
countries over which it reigns. 

The surface of the Asiatic and African deserts is 
composed of dry quartz sand, which the [low erful, ver- 
tical rays of the sua render burning to the touch. The 
heat of these regions is iasupporlable, and tlieir atmos- 
phere like the breath of a iurnace. In June, 1813, at 
Esn€, in Upper Egypt, the thennoiueter of Burckardt 
rose to 120^ Fall, beneath the roof of a tent, and 
in 1841, the British eajbassy to the kin? of Shoa, while 
advancing from Tajura to Abyssinia, sulTered under a 
temperature of 126° Fah. in the shade. 

When, under such circumstances, the wind rises and 
sweeps these burning wastes, it is at the same time hot, 
and extremely destitute of moisture; and, as it bears 
aloft the fine particles of sand, the atmosphere is tinged 
with a reddish^ or purple liaze^ the sure precursor of 
the simoom. 

116. Thougli the blast of the simoom inflicts not in- 
stant death, it is yet a dreadful visitant to the traveler 



What is thft simoom 7 Where does it prevail 7 

By what other names is it known 1 What is the truth reapecting iti 

How does it originate 1 




Senegal, and upon the coast of 
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of the desert. Clouds of glowing sand, at times so 
thick that objects are invisible at the distance of a few 
paces, are driven with blinding force against the face ; 
the moisture is rapidly absorbed from the body, the skin 
becomes parched, the throat inflamed, respiration is 
accelerate l1, and a raging thirst created. And in the 
midst of these horrors, the burning blast deprives its 
unhappy victims of the only means which they possess 
for alleviating their sufferings ; the water evaporates 
through the skins in which it is carried, and - whole 
caravans have been known to perish, the prey of a con- 
suming thirst. 

117. Sirocco. This name is given to a south-east 
wind which prevails in the Mediterranean isles, and 
along the Italian shores. During the summer and 
autumn it is peculiarly distressing to the inhabitants 
of these regions ; an oppressive sensation of heat is then 
felt, the skin is bathed in perspiration, the body becomes 
weak and languid, and the mind dispirited. These 
effects are attributed to the fact, that the sirocco, at this 
time, is both hot and moist; very little evaporation 
therefore occurs, and the sensations experienced, under 
these circumstances, are similar to those which are felt 
during a very sultry state of the atmosphere. While 
this wind prevails, the air is obscured by fine particles 
of dust, and is always ketzy. 

The sirocco has been generally supposed to arise 
from a current of air flowing across the Mediterranean 
from the glowing sands of Africa. It acquires its beat 
from the desert, and its moisture from the sea. 



CHAPTER 11. 

OF HDBBICAnSS. 

118. Hurricanes are terrific storms, accompanied^ 

at times f by thunder and lightning ; and differ from 

^ — — 

Desotbe its eflecti. Describe the Sirocco. 

What does chapter second tieat of 1 What an hnnicanes 1 
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every other kind of tempest by their extent^ their irre- 
sistwle power y ana the sudden changes that occur in the 
direction of the wind. Though known in other climes, 
they rage with the greatest fury in the tropical regions 
The ridi products of the plantations are destroyed m a 
moment, forests are leveled, the firmest edifices pros- 
trated and their roofs whirled aloft into the air, wnich 
is filled with the flying fragments of a thousand ruins. 
Upon the coasts, the waves rush landward with appall- 
ing violence, lining the .harbors and the adjacent snores 
with the cargoes and wrecks of shattered vessels. 

119. From the late independent investigations of sev- 
eral eminent philosophers, it also appears that hurri- 
canes are extensive storms of 
wyid, wJiich revolve around an 
axiii^ Lilhtr upright or inclhicd 
to the horizon ; while at iht^ 
same ti?ne, the body of the storm 
has a progressive molwn over 
the surface of the globe. 

12U. We learn from the nu- 
merous observations collected 
by Mr. lledfield, of New York, 
tliat in the northern liemi- 
sphere, the Atlantic hurricanes 
generally originate to the east 
of the Carribean islands, and 
that their path is from south- 
east to north-west, until tliey 
have passed the northern tropic, 
when their course changes from 
south-west to north-east ; the 
lotaiiun of the storm being from 
rig Jit to left, contrary to the 
motifs n r//" i/te sun^ (see fig. 7., 
where tiie arrows show the di- 
rection of the wind.) 




OBKERAL DIRECTION AND ROTA- 
TION OF BURRICANB8 IN THK 



Where an tbey most violent 1 What do maiiy philosophert now eoo- 
iider them to be? 

State BIr. Redfield'e vlewe In legwd to the Atlantio hunicmnaof dM 
«ott]iero hemisphere. 
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The researches of Col. Re id, * 
the Governor of the Bermudas, 
have likewise shown, that the 
storms and tempests of the 
soiitbein latitudes are vast 
whiiiwinds ; moving', however, 
in a different manner from the 
hurricanes of the northern hem- 
isphere. Thus, south of the 
ejpiator^ the general course of 
tlie hurricanes is from the north- 
east to t!ie south-west^ within 
the pnuthern tropic; but after 
passing this limit they proceed 
from the north-wesl to the south- 
cast ; revolving from left to 
right, in the sa/ne way as the 
sun; a fact previously conjec- 
tured by Mr. Jiedfieiid. (See 
fig. 8.) 

The hurricanes of the southern 

hemisphere frequently occur in osmwax. mniJOTioir ant^ ttota.. 
iho vicinity oi Maunuus and tovTwif hmmfbim 
Madagascar. 

121. Path of the Storm. The distance traversed 
by these desolating tempests is immense. The memo- 
rable gale of August, 1830, which fell upon St. Thomas, 
in the West Indies, on the 12th, reached the Banks of 
Newfoundland on the 19th ; having traveled more than 
three thotisand nautical miles in seven days ; and the 
observed track of the Cuba hurricane of 1844 was but 
little inferior in length. 

122. Velocity. Their progressive velocity varies on 
tlie Atlantic Ocean, from seventeen to thirty miles per hour ; 
but at certain portions of the track it is sometimes much 
higher ; as in the case of Uie Cuba hurricane, where the 




Stale Col. Reid's view* in retpect to those of the eoutheni. 
What ifl eaid of the distance tiaveraed by hurricanes 1 
What of their piograsaive and rotary velocity 1 
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average rate from the Bahamas to 45° N. Lat. was forty 
miles per hour. Di^^titict from tfie p7'ozr^ssiiw is the ro- 
tary velocity, whicii mcreases from ilir- c\iciior boundary 
to the centre of the storm, near which point the tempest 
rages with terrific force ; the wind somelimes blowing 9l 
the rate of one fiundred miles per hour. 

123. Diameter. The surface Bimultaneouslj swepi 
by these tremendous whirlwinds is a vast cucle, varying 
from one hundred to five hundred miles in diameter; 
but even the greatest of these dimensions was exceeded 
in the Cuba hurricane^ for its breadth was computed by 
Mr. Red field to be at least 800 miles, and the area 
over which it prevailed, throughout its whole length, 
2,400,000 square miles ; an extent of surface equal to 
two-thirds of thai of all Europe, 

124. The rotary character of the hurricane accounts 
for the frequent changes that occur in the direction of 
the wind ; since, in order to preserve a circular motion, 
there must be a constant deflection from a straight 
course, and, at corresponding points in each half of the 
storm, the gale will blow from opposite quarters. The 
changes thus caused, will be perceived at any spot over 
which this fearful visitant passes. ' 

It also explains the fsict, that ihe violence of the wmd 
increases towards the centre^ and that, within the very 
vortex of the hurricane^ the air is in repose* Here oc- 
curs that awful cakn^ described by mariners as the luU 
of the tempest^ in which it seems to sleep, only to gather 
strength for mightier conflicts. 

125. Cases. * Numerous instances of the facts above 
mentioned might be adduced, but one or two will sulRce. 
In the Aiitit^ua hurricane of 1837, de^ribed by CoL 
Reid, it appears that Capt. Newby of the Water Witch, 
first experienced its effects at St. Thomas, in the West 
Indies, on the morning of the second of Angrust. The 
wmd was then iN. N. W., and at three m the afternoon 

• ■ ■ ..I ■■ ■ I.I n 

How great is their breadth 1 
How great the surface over which they prevail 1 
Wbat fteti «ie «zpliliMd by rotetioiiofilieaioiiiil 
' Gtre Initaofiei, 

3* 



Digitized by Google 



08 



AERIAL PHENOMENA 



became violeat At five P. M. it blew a severe gale, 
and at seven P. M., says Capt Newby, a hnrricane 
arose beyond description dreadful. Soon after a calm 
succeeded for about ten minutes, and tben, in tbe most 
tremendous. screecb I ever heard, it recommenced from 
the S. and S. W. At two o'clock on the morning of the 
third, the gale somewhat abated, and the barometer rose 
an inch. At daylight, out of forty vessels, the Water 
Witch and one other were the only two not sunk, 
ashore, or capsized." 

126. On the 12th of August, 1837, another hurricane 
commenced, in the same region, in 17° N. Lat. and 53*^ 
45' W. Lon. At midnightson the 18th, in 31° N. Lat., the 
ship Rawlin, Capt. Macqueen, appears, according to 
Col. Reid, to have been in the very vortex of the storm. 
'On the 17th, the wind blew stions: from the N. E. by 
E. for twelve buurs. tiien suddenly changed to the north, 
blowino^ with undinnnished violence till the 18th at 
liiidaight when, in an instant, a perfect calm ensued for 
the space of one hour ; then, quirk as thought, the hur- 
ricane sprung up with trcnieiidous force from the S. W. ; 
no premonitory swell of the wind preceding the convul- 
sion." During the gale, the barometer was almost in- 
visible in the tube above the framework of the instru- 
ment. 

The sudden and extraordinary transition detailed in 
the cases just cited, are fully explained by supposing, 
that the vessels passed from one side of the whirl to the 
other, through the vortex of the tempest. 

127. Fall of the Barometer. If the hurricane 
is indeed a vast whirlwind, the atmosphere, constituting 
the body of the storm, will be driven outward from the 
centre towards the margin (C. 171), just as water in a 
pail, which is made to revolve rapidly, flies from the 
centre, and swells up the sides. But the pressure of 
the atmosphere, beyond the whirl, checking, and resist- 
ing this centrifugal force, at length arrests the outward 
progress of the aerial particles^ and limits the storm. 

If the hurricane is a whirlwiad, in what manner ahould the barometer 
fall and rieel 
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We should consequenlly expect to find (in accordance 
with the laws of circular motion) the density of the ail- 
increasing from the centre to the circunifereiue of the 
gtorni, and even for some distance beyond its boundary; 
. and likewise, that when a hurricane passed diametric- 
ally over any region, the atnio.sphcric pressure would 
decrease, and the barometer continue to si?ik\ dm ing^ the 
Jirst half of the storm ; hut thai the instrument would 
gradually risCj as the last half passed over. Such 
indeed is (lie ca^^e ; for, amid all the phenomena of 
storms, no fiirt is better established than this, that an 
extraordinary depression of the barotnetcr in tropical 
climates is a sure forerunner of a hurricane. 

128. Before the tempest of Aug. 2d, 1837, the harbor- 
master of Porto Rico warned the shipping in port to 
prepare against a storm, as the barometer was falling in 
an unusual manner ; having sunk one and a half inches 
since 8 o'clock in the evening of the preceding day. 
All precautions were however in vain ; thirty-three ves- 
sels at anchor were destroyed, and, at St. Bartholo* 
mews, two hundred and fifty buildings levelled to the 
earth. The following table of observations, taken at St. 
Thomas, over which island this hurricane passed, is full 
of instruction in regard to this important point 



in this the caid 7 Rdate the inttances given. 



Digitized by Google 



fiO AEBUIi PBBHOllBirA. 



129. 



1 TIXE. 






RBIGHT or 










THE i; A i;< KTEB. 




WIND. 


HonnuMl MimitBt* 


inoiiss. 


DiiMUoD and Font. 


Aug. A. M* 


0 












D MT 

if. jh. 


o 

Ai 
Q 

4 


in 

45 
45 


29.77 
V\ 6Q 


IN, W. 

IN. 
IN. 


■ 


ilncreaslng 
Tempest. 




c 
o 


Ati. 
4D 




IM. 1!<. 


• 






D 




20 Ifi 










o 
a 

V 


TO 


2ft 91 

•iO»CJM 


IN. w. 




>>HitRicano. 




7 
f 


in 


2R G2 


*N . W. 








7 


^0 


2ft la 


IN* Wi 








7 


^fi 


28.13 








7 

Q 
O 


Hi 

in 


2ft 09 
2ft (i^ 






»>Dead Calm. 




8 




28.09 




i 






8 




29 44 


^ 9 IT 
o. 3. H,, 








6 


33 


28 53 


S. E. 








8 


38 


28.62 


0« £#• 








8 


45 


28.71 


S. B. 








8 


60 


2P.ro 


S. 








9 




28.98 


S. E. 








9 


10 


9Q 1(^ 


S. E. 




>'Humciine. 




9 


25 


29.24 


S. R. 








9 


35 


29.33 


S. E. 








9 


60 


29.42 


S. E. 








10 


10 


29.51 


S. E. 








10 


35 


29.60 


S.£. 








11 


30 


29.64 




< 


■ 


Aug. 3d, A. H. 2 


45 


29.78 


S* Et 








8 




29.91 


s,w. 








9 




29.93 


E. 







130. la the case of the Water Witch, we have seen, 
that, when the*ceatre of the tempest was past, and the 
gale abated, the barometer rose an inch. 

131. Circuit Sailing. The gyratory motion of hur- 
ricanes is slrikingLy evinced by vessels sailing on a cir- 
cular course, when scudding before the wind. The 
nio.st remarkable case is that of the Charles lleddle, 
related by Mr. Piddington, which occurred in a storm, 
near Mauritius, in Feb. 1845. 

It appears from the log-book of this ship, that, in her 
course before the gale the wind changed coLjpletely 

What e.\uinpie is given of circuit saiiiogl 
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roaud five times in the space of one humlred and seven* 
teen hours, having an average velocity of eleven miles 
and seven-tenths per hour. The whole distance thus 
sailed the vessel was thirteen hundred and seventy- 
three miles ; while her actual progress during this time ^ 
' in a south-westerly direction, was found to be mly three 
hundred and ffty-fmr mUes. 

132. Axis of the Hurricane:. The axis of the 
hunicane is not, necessarily, upi igbt, but is usually in- 
clined to the horizon ; leaning in the direction which 
tho tempest takes. This is owing to the friction of the 
base of tlie hurricane ae^ainst the surface of the earth. 
Its velocity is thus checked, while the upper portion id 
driven forward, and overhangs tlie base. 

Tins position of the axis is indicated by the circum- 
slaoce that the tokens of the approacliinof tempest often 
appear in the higher regions of the atmosphere, bt tore 
it is felt below. Tfie navigators of the tropic seas some- 
times behold, high in the air, a small black cloud ; 
rapidly it spreads down to the horizon, shrouding sea 
and sky, and the tempest then stiddenly descends upon 
them in all its fury* 

133. Remarks. Such are the opinions entertained 
by Redfield, Reid, Dove, and others, m r^ard to storms 
and hurricanes ; opinions based upon a vast assemblage 
of facts and observations, gathered frpm all points, 
within the track of a great number of these desolating 
gales. The nomeroue obseiTations taken upon the 
American coast, commensurate with the extent of the 
Atlantic tempests, have been systematized by Mr, W. 
C. Redfield, of New York ; while Col. Reid has investi* 
gated the West India hurricanes, and those qf the 
southern hemisphere, with great success. The log- 
books of the British navy, in which the phenomena* of 
the weather are , recorded every half hour, have been 
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placed at his disposal, and he has thus been furnished 
with an immense collection of valuable facts. Prof. 
Dove, oi Berlin, has studied the laws of hurricanes in 
Europe, and gathered a large number of observations 
from evei v qnarfer of the globe. By noticing the time 
and place of each observation, storm-charts have been 
constructed lor the use of mariners, uid it is highly in 
favor of the rotary theory, that the coiichisions result 
ing from these extensive and iadepciideiit investigatiojis 
are substantially the same. 

134. Espy's Theory. The rotary character of hur- 
ricanes, including tornadoes and water-spouts, is how- 
ever denied by Mr. Espy, of Philadelphia, who main- 
tains thcU the tvind blows from every quarter towards 
the centre of the storm. Espy asserts, that this law oh- 
tains without a single exception, in seventeen stonns 
which he has investigated. The influx of wind towards 
the centre, he supposes to be caused hy the development 
of heat^ which occurs whenever atmospheric vapor is 
condensed in the form of a cloud. The heat, thus dis- 
engaged, rarefies the surrounding air, and establishes 
an upward current ; and so great an expansion is be- 
lieved, at times, to result from tliis cause, that the ve- 
locity of the ascending current has been computed to 
exceed three hundred and fifty feet per second. 

• To this point of greatest rarefaction, the atmosphere 
rushes in irom every side, just as the aii; of a room 
' fiows towards the heated current of the chimney^ the 
violence of the wind depending upon the rate of speed 
in the ascending column, llilost of the phenomena of 
meteorology are also explained by Mr. Espy in aecord- 
ancn \\\t]\ his peculiar views. 

X36. The centripetal theory has found many able 
supporters; but that of Redfield and Reid has been 
more generally adopted by men of science. 

136. It may perhaps be found, when our investiga- 
tions are multiplied and more extended, that both these 
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molions often co-exist ; a circumstance which is by no 
means impossible. For wlien a whirlwiDd is once in 
motion, from any cause whatsoever, the p^reat rarefac- 
tion of air that occurs at the centre, will create an 
ioflux of the atmosphere towards this point from all 
quarters, except where it is opposed by the centrifugal 
force. Now if the base of the whirl is above the sur< 
face of the earth, or when touching it, is inclined to it, 
(which is usually the. case,) currents of air will flow 
beneath the base towards the vortex, and evidences of 
centripetal action will not be wanting. 



CHAPTER IIL 

OF TORNADOES OR WHIRLWIirSS. 

137. Tornadoes may be reg-arded as hurricanes, dif- 
fering chiefly in respect to their extent and continuance. 
They last only from fifteen to sixty or seventy seconds, 
their breadtii varies from a few rods to sevcinl hundred 
yards, and it is probable tliat the length of their track 
rarely exceeds twenly-iive miles. 

138. Facts. This phenomenon is usually preceded 
*by a calm and sultry state of the atmosphere ; when sud* 

denly the whirlwind appears, traversing the earth with 
great velocity, and sweeping down by its tremendous 
power the mightiest products of nature, and the stronj^est 
works of man. Ponderous bodies are whirled aloft into 
the air ; trees of large dimensions twisted off or torn up 
by the roots ; buildings of the firmest construction pros- 
trated, and streams whirled from their beds and their 
channels laid bare. A whirlwind thai occurred in 
Silesia, in the year 1820, carried a mass weighing more 
than 650 Vob,^ fifty feet above the top of a house, and 
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deposited it on the other bide ia a ditch, one hundred 
and fifiy paces distant. 

139. In 1755 a tornado fell upon the villajjfe of Mira- 
Deau, in Huigimdy, l;iyiog dry the channel of the small 
river by which it id traversed, and carrying the stream 
to the distance of sixty paces. iu the New Haven 
whirlwnnd of 1S39, aiid m tiiui which occurred at Chate- 
nay, near Paris, during tlic same y* ai, trees eigfiteen 
inches in diameter were torn up hy the roots. In one 
winch happened at Maysvillc, Ohio, in 1S42, a barn 
containing three tons of liay and four horses^ w as Ufted 
entirely from \Xs foundations. And such was the force 
of the wind during a tornado which occurred at Cal- 
cutta ia 1833, that a hanibuo was driven quite through 
a wall Jive feet thick, covered with masonry oa both 
sides ; an ellect which was estimated, by a person on 
the spot, to be equal to that produced by a caauou car- 
rying a six-pound ball. 

By tlie action of a tornado, fowls are often entirely 
stripped of their feathers, and light substances carrie? 
to a distance vju vine- from two to twenty miles. 

140. The whirlwind is attended by all the usual 
phenomena of thunder-storms ; showers of hail fre- 
quently occur, and, at times, it is the scene of very 
extraordinary electric appearances. In tfie one which 
happened at Morgan, Ohio, on the night of the 19th of 
June. 1823, a bright cloud of the color of a glowing' 
oven, and apparently half an acre in extent, was seen 
moving below the dark canopy of the tempest. It shone 
with a splendor above that of the full moon, and ten 
minutes after its passage, the narrator of the phenomena 
was enabled to read his Bible by its light. Just before 
the Shelbyville tornado, which took place at midnight, 
on the 31st of May, 1830, two luminous clouds were 
seen approaching each other, of the color of red hot 
iron ; for a moment they united above the town, ex- 
tending over it like two fiery w ings, and, at the next, 
rushed duwu to the earth: at this instant the whirlwind 
burst in all its fury upon the devoted spot. The w riter 
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of thi? work was informed by an eye-witness, that, dur- 
ing the prevalence of the storm, so incessant was the, 
play of the lightnino:, that the titles! of books could be 
easily read, and the use of lamps was discarded ia goiug 
to different parts of the house. 

141. Origin. Several theories have been advanced 
to explain the causes of whirlwinds, but tliey are 8Up- 
posed to he gcnei cilly pi oduced by the lateral action if 
opposing winds, or the influence of a brisk gaie upon a 
portion of the atmosphere in repose ; in a manner anal^ 
ogous to the eddies that arise at the junction of two 
streams, flowing with unecjual velocitiest, or the air* 
whirls that occur, when a wind sweeps by the corner of 
a building, and strikes the calm air beyond it 

142. The existence of such opposing currents is fully 
proved by the observations of aeronauts, as well as by 
those of observers at the Surface of the globe. 

The whirl appears to originate in the higher regions 
of the atmospiiere, and as it increases in violence, to 
descend ; its base gt adually approaching until it touches 
the earth. 

Thus, when on the summit of the Rigi — a mountain 
in Switzerland — Kaemtz beheld two masses of fog ap- 
proaching each other, in the valley of Goldan, while the 
air around him was calm, and the sky serene* As soon 
as they united, a gyratory motion was perceived, the 
fog rapidly extended, accompanied with violent gusts of 
rain and hail. At the same time, (as appeared from 
subsequent information,) a furious storm fell upon the 
lake of the Four Cantons, far below ; in the midst of 
which a water-spout was seen. (Art. 150.) 

143. Whirlwinds excited bv FiRfis. Extensive 
conflagrations have been known also to produce whirl- 
winds, in consequence of the strong upward current, 
resulting from the great expansion of the heated air. 

A remarkable instance of this kind occurred between 
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Great Barrin^ton and Stockbridge, Mass., in the month 
of Api il, 1783, and is thus related Mr. T. Dwight, 
who belield it. In an opea field, a large quantity of 
nruah-wood waa lying in rows and heaps for burning, 
perfectly dry and combust i I )le. On a certain day, whea 
the atmosphere was entirely cahn, the brush was ignit- 
ed on all sides of the field at once. I was residing at 
this time, at the distance of about half a mile from tfie 
fire, when suddenly my attention was aroused by a loud^ 
roaring noise, like heavy thunder. Upon going to the 
door, 1 beheld the fire covering the field, and the fiames 
collected from every side into a fieri/ column^ broad at 
the base, tapering upward, and extending to the height 
of 150 or 200 feet. This pillar of fiame revolved with 
an amazing velocity, while from its top proceeded a 
spire of black smoke, to a height beyond the reach of 
the eye, and whirling with the same velocity as the fiery 
column. During the whole period of its continuance, 
the column of flame moved slowly and majestically 
around the field. The nobe of the whirlwind was 
louder than thunder, and its force so great, that trees 
six or eight inches in diameter, which had been cut, 
and were lying on the ground, were whirled aloft to the 
height of forty or fifty feet" 

144. During the terrible conflagration of Moscow, in 
1812, the air ^came so rarefied b^ the intense heat, that 
the wind rose to a frightful hurricane ; the roar of the 
tempest being heard even above the rushing sound of 
the conflagration. 

145. Results of Centrifugal Action. By the 
centrifugal action of the whirl, the air is driven outward, 
as in the case of hurricanes, and at the same time spi* 
raUy ujmixrds^ oa account of the pressure of the sur* 
roundmg atmosphere: a great rarefaction, therefore, 
occurs at the centre. As long as the base of the whirl* 
wind is above the ground, the warm air of the earth 
will stream under and upwards^ into this partial void 
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ftom every quarter ; while, at the same time, the cold 
air will descend into it from the higher region of the 
atmosphere. 

By this union, a powerful condensation of vapor oc- 
'curs; causing the precipitation of rain and hail, and 
Ihe development of electricity. 

146. These, however, constitute no essential part of a 
whirlwind ; for, if the currents of air that give rise to 
this phenomenon are very dry, the violence of tlie wind 
is the only remarkable circumstance. This was shown 
in the case of a small whirl, which involved two persons, 
who were going one cloudy day from Halle to Gie 
bichenstein. Suddenly they were separated by a gust 
of wind ; one being driven against a wall, and the other 
thrown into a field ; while the people who were near 
had not discerned the slightest disturbance in the at- 
mosphere, 

147. When the base of the whirlwind descends to the 
earth, it touches the surface^ either partially or wholly, 
according as the axis is inchned or vertical. In the first 
case, the inward flowing currents will be pcfrtiaUt/, and 

In the second entirely, arrested by the cratrifugal action • 
of the storm. 

The same results often occur when it covers a build- 
ing. Hence, the atmospliere becomes exceedingly rare- 
fied, both above, and around the edifice ; and if it hap' 
pens to be closed, and the tornado is violent, its walls 
will be burst outward by the sudden expansion of the 
air within, (C. 509.) Just as a sealed bottle of thin glass, 
under the exhausted receiver of an aii -pump, is shivered 
by the elastic force of the enclosed air. 

148. Effects of Expansion. In the tornado (lint 
happened at Natchez, in 1840, the houses exploded 
wherever tlie doors and windows were shut; the roofs 
p| looting up into the air, and the walls, even of the 
Btrongest brick buildings, bursting outward with great 



Are rain, hail, and electricity necessaiy to tlio production of awhiriwindl 

Give the crise. 

Whv are buildings burst outward by the action of toroadoeal 

Ciivu instances. 



Digitized by Google 



AEBIAL PHENOMENA* 



force: but no such destruction occurred wlien a frea 
outlet was afforded to the air wilhia. One iientleman 
ay the storm approached, caused ail the wiuduws and 
doors of W]^ house to be opened, and though its struc- 
ture was frail it experienced no injury; not even a* 
giiighj pane of glass beinu bi oken. 

149. On the ISth of June. 1839, a whirlwind (to 
whicli we have alhided) fell upon the viilaj^e of Chate- 
nay, near Paris. In the room of a house, over w hich it 
pas.-L*d, several articles of needlework were lyincf upon 
a table: the next day some of them were found in a 
field, at a great distance from the house, togetiiei wuli a 
pillow-case taken from another room. They must have 
been carried up the chimney by the rush of air out- 
wards, as every other means of exit was closed. An- 
other sHigular illustratiuii of the fact before us took 
place in the Shelbyville tornado. Soon after its occur- 
rence, a lady misled a bonnet, which, the day before 
the storm, was lyinsr enclosed in a bandbox in her cham- 
ber ; some week s afterwards, she accidentally observed 
a ribbon hanging fiom the chimney, which proved to be 
the string of her hotmet. The house had been ciov.ed 
durnig the sfnim, and thf^ expansion of the air withirr 
the bandbox had forced oil the lid — the lost article had 
been borne by the outv/ard liownig current up the chim- 
ney, which adorded the only mode of egress, and there 
it had lodged. 



CHAPTER IV. 

WAT£X-8P0UT8. 

J 50. A wATER-spouT is a whirlwind over an ex' 
pa7ise of water, as the sea or a lake, differiiig from a 
land-whirl in no other respect tha?t that water is sub- 
jected to its action^ instead of the bodies upon the sur- 
face of the earth. 

151. A water-spout usually presents the following 
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successive appearances. At first it is seen as an invert- 
ed cone, either straiglit or sli»rli(|y curved, extending 
downward from a dark clond to which it seems to be 
attached. As the cone approaches the surface of the 
water, the latter becomes violently agitated, and, rising 
in spray or mist, is whirled round with a rapid motion. 
As the cone descends lower the spray rises higher and 
bigher, until both unite, and a continuous coiumu is 
formed extending from the water to the clouds. 

The spout is now complete, and appears as an im- 
mense tube, possessiug both a rotary and progressive 
motion ; benaing and swaying under the action of the 
wind as it advances on its course. 

When the observer is neai*, a loud, hissing noise is 
heard, and the interior of the spout seems to be traversel 
by a rushing stream. 

After continuing a short time tlie column isdisunited| 
and the daric cloud gradually drawn up; for a while a 
thin, transparent tube remains below, but this at last is 
also broken, and the whole phenomenon then disap 
pears. These successive changea are represented m 
figures 9, 10, 11, which are taken firom skelcnes id water- 
spouts actually seeiL 




WATSB'CTOVT VORMUIO. 
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WATBR-SPOUT FOftMBD. 

Fig. 11. 
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152. Facts. A wator-spout occuircd at Cleveland, 
Ohio, ia Septemberi 1835, which, troiu the description 
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well illustrates the origia and characteristics of this phe« 
nomenon* A heavy storm-cloud, drivea by a north* 
west gahj was met by a strong opposing atrrent; 
when an arm of the cloud appeared to drop down, and 
drag^ the waves up towards the sky. The whirling and 
dashing of the spray at the surface of the lake, and the 
column of water and mist extending, in a tall and tor- 
tuous lin^ to the cloud, were so well defined as to ex* 
cite the admiration of all who observed tliem. At the 
expiration of about seven minutes, the north-wester tri- 
umphed, and swept the cloud to the south-east of the 
city.'* 

153. The water-spout does not always pass through 
the various changes that have been detailed ; sometimes 
the upper portion only is developed, depending from a 
fnabs of black clouds, like a huge, tapering trunk, with- 
out ever reaching the water ; at other times, nothing is 
eeeu but the cloud of spray and mist that forms the base. 
On the voyage of the Exploring squadron from New 
Zealand to Tongataboo, a spout was beheld in the act 
of foiming, at the distance ul abuul half a mile. A cir- 
culai motion was distinctly perceived, the water flying 
off in jets from the circumference of a circle, apparently 
fifty feet in diameter. A heavy, dark cloud hung over 
the spot, but no descending tube appeared, nor was there 
any progressive motion. In a short time the cloud dis- 
[^ersed, and the surface of the sea resumed its former 
state. • 

15 1, It is by no means uncommon for several water- 
spouts to appear at the same time. In May, IS'^O, 
Lieutenant Ogden beheld, on the edge of the Gulf stream, 
no less than seveti in the course of half an hour: vary- 
ing in their distance from the bhip irom two hundred 
yards to two miles. 

155. Dimensions. The diameter of the spout at its 
base ranges from a few feet to several hundred, and its 



Does the water-spovit always undergo these chaiigesl 
Under what finrmeie it sometimes seen 1 

Pow many have beon scon at once? 

What i» the breadth and height of water-epouts 1 



Digitized by Google 



72 



AERIAL FHENOUEKA. 



dltUude is supposed by some to be at times as great at 
a mile. In the account given by the Hon. Capl. Napier, 
of a spoui which he beheld in 30^ 47 N. Lat., and 62** 
40' \V. Lou., the diameter was judged to be 300 feet; 
Und the height of the column to the point where it en* 
tered the hanging cloudi was computed, from observa- 
tions taken by the quadrant, to be 1720 feet, or nearly 
one-third of a mile* 

156. Popular error. It is a common belief, that 
waier is drawn up by the action pf the smaut into the 
clouds ; but there is no proof, whatever, of a continuous 
column within the whirhng pillar, and the fact, that the 
water, which sometimes mils from a spout upon tho 
deck of a vessel at sea is always fresh, sufficiently re* 
fiites the idea. Tiie torrents of rain, by which this phe- 
nomenon is often accompanied, can be fully accounted 
for by the rapid condensation of vapor thai occurs, when 
the warm, humid air of the sea flows inward to the 
vortes of the whirl, and there combines with the cold 
air of the upper regions of the atmosphere, which de- 
scends to' fill the partial void. From this union the 
electric phenomena of water-spouts arise, and the vio- 
lent hail-showers that at times prevail ; the mode, how- 
ever, in which they originate, will be explained here^ 
after. 

When a vessel is in the vicinity of water-spouts, can«* 
non shots ace usually fired for the purpose of destroying 
them ; lest the vessel should be in ured if a spout were 
to pass over it* It is not improbable ttiat such an dTect 
may be produced when the spout is either struck by the 
balls, or violently agitated by the concussion of the air 
arising from the discharges. 

157. Sand Pillars. Another form of the whiihvind 
is exhibited in the pillars of sand, which are iiol unhe- 
quenlly seen in the deserts of Africa and Peru. Bruce, 
on 1 1 is journey to Abysssinia. belieki eleven vast columns 
of kjaiid of lofty height, moving over the plain at the 
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Bame timt. ; some with a slow and majestic motion, and 
others with great velocity. Now, with their summits 
reaching to the clouds, they rapidly approached the 
terrified observers, and, the next moment, were borne 
away by the wind with incredible swill ness. 

Their tops, at times, were seen separated from the 
main pillars, and the latter were often broken in two, as 
if struck by a cannon shot : the diameter of the largest 
was about ten feet. 

While Mr. Ad an son was crossing the river Gambia, a 
sand-whirl, twelve feet in breadth and two hundred and 
fifty in height, passed within forty yards of his boat. 

158. The same phenomena are seen upon the Peru- 
vian coast. "The sand," says Dr. Tschudi, "rises in 
rokiinns from eighty to one hundred feet high, which 
wiiirl about in all directions, as if moved by magic. 
Soiuetimes they suddenly overshadow the traveler, who 
only escapes by rapid riding.^' 

159. Bbnbficial effect of Winds. The utility 
of winds roust be evident to all. By their aid vast oceans 
are crossed^ and the products of distant clinics wafted 
from shore to shore. Different nations are linked to- 
gether by social and commercial ties, the blessings of 
civilization didfused, and the glad tidings from abetter 
world borne to every land. 

The growth and decay, both of animal and vegetable 
life, vitiates the atmosphere, and renders it unfit for 
respiration ; but the winds prevent the deadly effects 
that would flow from this source, and the air becomes 
pure and salubnous, fVom its constant circulation. 

Even the fierce tempest may be a messenger of mercy, 
by sweeping from the air the seeds of pestilence and 
contagion. • 

The advantage of winds in distributing moisture to 
-iie earth, will be seen in the following pages. 
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OHAPTEB L 
OF RAnr. ' 

160. Rain is produced hy the rapid union of two or 
more volumes of humid ah\ differing considerably in 
temperature ; the several portions in union being inca- 
pable of holding the same amount of moisture that 
each can separately retain. 

This circumstance is the result of the law, that the 
capacity of the air for moisture decreases at a faster rate 
than the temperature. 

161. This elTect may be thus ilhistrated : 4000 cubic 
inches of air, at the temperatuie of 86^ Fah., can con- 
tain no more than 31^ grains of moisture, and an equal 
volume, at 32^ Fah., only fh grains. Now, if the two 
volumes are mingled together, their average temperature 
will be 59° Fahrenheit, and the weight of moisture they 
unitedly possess will be 39ith grains. But, at this tem- 

- perature, 31i grains is all the moisture that 8000 cubic 
inches of air can oas«t6iy retain ; sitice the Jirst portion^ 
. by jts union witn the second, diminished its capacity 
. me-half, while that of the latter was only doubled* The 
excess, therefore, of 7i grains will be condensed, and 
descend in the form of water. 
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162. Rain is the result of such comhinations OD an 
extensive scale, and the quantity that falls at any par- 
ticular lime or place, depends upon the difference in the 
several temperatures of the combining vohimes, and the 
amount of moisture which each separately possesses. 

163. Winds are the great natural agents by which 
such combinations are effected, and these occur most 
readily, when the currents of air are shifting' and vort- 
able. Constant winds, blowing steadily from the same 
quarter and possessing an unchanging temperature, can 
produce no such admixture, and Uiey are consequently 
attended with dry weather; except in the case where 
they strike the sloping sides of lofty mountains^ carrying 
the warm air of the sea and the vales far -up into the 
colder regions of the atmosphere. 

164. Rain-gauge. The qiianlity of laia that falls at 
any station during agiven time, is ascertained by means 
of the rain-gauge, an instrument vviiich is constructed 
in a variety of ways. 

One of the best consists of a cyhndrical, copper vessel, 
furnished with a iioat ; tlie rain falling into the vessel 
raises the float, the stem of which is so graduated that 
an increase in depth, to the extent of one-hundredth of 
an inch, can easily be measured. 

The greatest annual depth occurs at San Luis, Ma- 
ranham, 2^ 30' S. Lat. ; and Vera Cruz ranks next in 
this respect. At the former place, 280 inches have been 
observed to fall in the couree of a year, and at the latter 
278 inches, 

165. DiSTRiBUT^N OF Rain IN LATITUDE. Since 
the capacity of the alt for moisture increases with its 
temperature, we should naturally infer, that the higher 
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the mean temperature of anv ret^ion, the greater would 
be ihe amount of rain which descends upon it. 

This is true as a ijcjieial rule, for the annual depth 
of rain is found to decrease with the increase of hiliiude, 
as will be seen hom tiie annexed list of seven locaiiliea, 
wLcre the rain has been measured. 





Noith Latitude. 


▲iuiubI depth of Rein io indiee. 


Grenada, . . 
Cap6 Francois, 
Calcutta) . • . 
Rome, ■ • . 
London, . . . 
St. Petersburg^ 
UMwii^ . . 


12° 

19° 46' 

22^ 35' 
410 54. 

61° 31' 
69° 66' 
65* V 


126 
120 

81 

39 

26 

16 

13.6 



1C6. Ex( i PTiONS. Although this general relation 

to latitude exists, it is by no means to be supposed, that 
the tame amount of raia descends yearly upon all re- 
gions lying within the same parallels ; local causes will 
have their influence, and create, in many cases, extra- 
ordinary departures from the common rule. Thus, 
Bombay and Vera Cruz possess, ncai lv, the same position 
in latitude ; but while at the former cjiy, Llie annual depth 
of rain varies from 61 to 112 inches, liial ui the latlcr 
ranges from 120 to 278 inches. 

This is ovvinff to the. followinff circumstances. Vera 
Cruz is backed by a chain of lofty niountams, nsmg be- 
yond the limits ul perpetual frost, and hither the hot and 
humid tropical air is constantly driven by the trade 
winds, as they sweep from the sea. Hence a great and 
sudden reduction of temperature occurs amid tliese icy 
regions, and the air, no longer capable of absorbing its 
vast stores of moisture, precipitates an immense quantity 
of rain. • 

167. At Bergen, in Norway, it has also been found, 
that in consequence of the* moist south-west winds be- 
ing checked in their course by the mountains, more than 
88 inches of rain duscend in a year: a quantity greater 



Illustrate. 

State the ejcceptioiis and the cause. 



Digitized by Google 



OF lUIN. 



than that which falls at Caicaita during the mine 
period. 

168. Days of Rain. Though the annual amount of 
fain is greater in the low than in the high latitudes, the 
rainy days are not so numerous ; as appears by the fol- 
lowing tablcL which presents the average yearly num- 
ber, within latitudes indicated. 



N. latitude. 

From ^ 12° to 43^ 

u 430 u 450 

« 46° " 50° 

" 50° " 60° 



Meao aaauai numl>er oi may dcgrt. 

78 
103 
134 
161 



I 

169. From this circumstance we should readily con 
dude, that the wdmary, rams of the iropieal dUnea 
fimsi be mare powerful l^an ikose of the temperate re- 
gions; an inference whi^h coipcides with observation; 
for it is stated by Mr. Scott, that at Bombay, there once 
fell, during the first twehe days of the wet se'^son,^A$^/y- 
two inches of rain, a quantity eqval to the yearly ave^ 
ra^6 of England. '» 

170. This fact is also shown by the sudden rise of 
brooks and rivulets ; a remarkable instance of which is 
related by Mr. Elphinstone, in the account of his mis- 
sion to Cabul. It occurred between the lu^hui and Hy- 
daspes, and is thus described. ^ On one occasion, th« 
tear-guard, wit!i some of the gentlemen of the mission 
were cut off from the rest by the sudden swelling of ii 
forootr, which had been a foot deep when they began U 
cross. It came down with surprising violence, carrying 
away some loaded camels that were crossing at thf 
time, and rising about ten feet within a minute. Such 
was its force, that it ran in waves, like the sea, and rosf 
against the bank in a ridge, like the surf on the coast of 
C^romandei.^ 

171. Di-TRiMUTioN IN Altitude. The great stores 
of aliuu^jpiieiTcai iiUUiidiLy reside in the iuleiioi' strata 



What is the rule in respect to days o£ nUal 
Where arexains most powerful 1 
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of the air, and, for this reason, less rain descends upon 
lofty table-lands and moiintaivs, than upon regions 
situated lotver doiim hi the same latitude. 

Thus, in India, on the Mrilabar rnast. twelve decrees 
from the equator, the annual deptli of rain is 13() inches ; 
while at Ootacaniund, in the Nhili^erries, a ro^rion lying 
a short distance to tlie east, in the same latitude, but 
8.^00 feet above the ocean, the yrnrl}' amount of rain is 
only 63.88 inches. Likewise, at Sante Fe de Bogota, 
New Grenada, a city that enjoys an elevntinn of H,sOO feet, 
in tlie fourth dcarrne of north latitude, tlie annual quan- 
tity of rain is nearly tiie same as that which fails in 
Germany, which is about iwenty-oiw inrlins. 

Even sliirht variations in altitude cause perceptible 
dilferences in tfic quantity of rain. At the Paris Observa- 
tory, a rain-gauge is placed in the court, and anutlit-r 
upon the terrace, eighty-nine feet above. The mean 
aTinual depth of the rain which fell in the court for a 
space of ten vears, wa? found to be 22.44 inches, and 
of that which descended upon tlie terrace during the 
same period^ only 19.68 inches. 

172. Rain upon Coasts. We have remarked, that 
the air above the ocean is always saturated, and that its ' 
humidity decreases as we penetrate from the sea-shore 
into the interior of a country. Conformably to this iawt 
other things being equal, Tuore rain descends upon the 
coasts than upon the central rt^ion^ of acountry ; inas- 
much as a less reduction of temperature will here pro- 
duce a precipitation of moisture. 

BesioeSy when the warm, humid air is borne inland by 
the winds from the sea, its course is marked by descend- 
ing showers, and its inherent moisture decreases with 
its progress. Thus, on the west coast of England, 37 
inches of rain fall in the course of a year ; while in the 
interior, upon the eastern side, the annual depth is 25 
inches. The maritime and inland regions of France 



Give the rule in regard to distribution in aUitude. Illustrate. 
Compare the rain upon coasts and inland regions. 
W hy Is there a ditittrenoe 1 Give instances. 
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and Holland differ, in this respect, one inch. In thiii 
country, the yearly average fall of rain at Boston, for a 
period of 22 years, is 39.23 Indies ; at Hanover, New 
tiampghire, 38 inches ; in New York State, 36 inches ; 
and in Ohio, 36 inches. A diminution occurring as we 
advance into the interior, notwithstanding the influence 
of the great northern lalces, in the laat two instances. 

RAINS WITHIN THi: TEOFXCS. . 

X73. Upon the ocean, in the regicm of calms, where 
the gusts of wind are ever changing their direction, tor- 
rents of rain frequently descend. On the land, in all 
places where the trade wind blows constantly seaward, 
no rain fails, and the sky is aiwaya serene ; but, wher- 
ever disturbances occur in thia current and the mon- 
soons prevail, the rams are pmodieaiy and the year is 
divided into two seasons^ the wet and the dry. ThM 
are so marked in their character, that whole months 
pass away without a cloud obscuring the skv, or miti- 
gating the fierce heat of the sun : then the lace of na-. 
ture entirely changes, the heavens gather blackness, the 
rain comes down like a deluge, and the parched earth 
is refreshed, for many successive weeks, by copious 
showers. 

174. Rainy Season. The rainy season commences, 
in ail the countries within the tropics, at the shifting' of 
the monsoons ; and as this change is dependent upon the 
position of the sun, it begins earlier in those regions 
that lie near the equator, than in those more remote. 

At Panama, 8° 48' N. Lat., the rain falls early in the 
month of March ; but it seklom appears at St. Bias, 
California, before the middle of June. In Ali ica, near 
the liur*. the rainy sea^^ou begins in April, both upon 
tiie sea-coast and in tiie interior ; but in the countries 
watered l>y the Senegal, it couiuieaces in June, and lasts 
till November. 

How are rains distributed within the tropics? 

How 13 the year divided where the moosoona prevail 1 

When does the rainy season occur? 

lu what regions early 1 In what late 1 Illustrate. 
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In India, the rains occur in May, at the southern ex- 
tremity of the Malabar coast, but do not reach Delhi • 
uiiiil nearly the end of June. 

175. Cause. These stated rains originate in the 
ekange of the periodical tcinds^ by which the union of 
vast volumes of air, diifering in tempf i ature, is rapidly 
eilected. The subject cannot be better illustrated, than 
by recurring to the origin of the monsoons of India. (Art. 
106.) Early in the month of June, the soil of the penin- 
sula becomes intensely heated by the vertical rays of the 
stin, and powerful currents of rarefied air then ascend 
from the earth. To supply the deficiency thus created, 
the warm and humid atmosphere of the equatorial seas 
flows in. constituting the south-west monsoon ; this wind 
now mingles, with the cool, dry air, which the north- 
east monsoon, for the six previous months, has been 
constantly bringing to the peninsula from the polar 
and temperate climes, and thus produces a combination 
favorable to the precipitation of rain, upon a most exten* 
sive scale. 

176. Periodical Rains of India. On the Malabar 
coast, the south-west monsoon is ushered in by terrific 
storms of thunder and lightning, the water pours down 
in torrents, and, :when the thunder has ceased, nothing 
is heard for several days but the rush of the descending 
rain, and the roar of the swelling streams. In a few 
days, the storm ceases, and the earth, which before was 
withered by the glowing atmosphere, is now, as if by 
magic, suddenly clothed with the richest verdure ; the 
air above floats pure and balmy, and bright tropical 
clouds sail tranquilly through the sky. 

After this, the rains fall at intervals for the space of 
a month, wlken they again return with great violence. 
In July, they attain their height, and from that time 
gradually subside until the end of September, when the 
season closes, as it began, in thunders and tempests. 

177. The following table, the result of the observa- 



How do these rains originate 1 
DesGiibe those oi India. 
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iiofia of twelve years, shows the mean montlily average 
for the rainy season, at Bombay ] and serves to elucidate 
the preceding remarks. 

June, 24 

July, 23.95 

August, 18.87 

Sept., 1406 

Oct., 1.06 

178. The south-west monsoon does not, however, 
hring rain to the whole of India. Parallel to tlic west- 

em coast runs a chain of high mountains, termed the 
Ghauts: here the monsoon is arrested in its course, 
and niosL of the moisture with which it is charsred, is 
precipitated, ere it arrives at the centi al tahle-land of 
Mysore. On the eostern^ or Coromandel coast, its in- 
fluence is not felt, and the seasons are here reversed. 
From March till June, the winds are hut and moist, 
blowing mostly from the soutli, over the Bay of Ben- 
gal ; from June to October the heat is very great, hut 
about the middle of the latter month, the cool, noiLh- 
east monsoon commences, bringing the periodical rains, 
which terminate by the middle of December ; the mon- 
soon continuing to blow until the beginning of March. 

179. Periodical Rains op Congo. We trace the 
rainy and dry seasons of Congo, in the southern hemi- 
sphere, to the same cause. In l;( iieral, from about March 
to September, no rain descciids, but gales from the 
south and south-east ti iiip( r the burning atmosphere. 
In October, hot and iiumul wiiids blow from the north- 
west over the Gulf of Guinea, and the conn try is then 
flooded by frequent rains, which continue to increase 
until January. Slight showers then fall at intervals 
until March, when the rains recommence and continue 
for a short time. 



Illustrate from the table. 

What Ib the influence of the Ghauis upon the south-west raaasooal 
What is said of the seasons on the eastern coast 1 
What wind brings the rains to this mgloii? 
Dstoiiba the ptriodical nlns of CoBftO. 
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RAINS IN THE HiaHSR ULYITUSSS. 

180. Beyond the tropica, the rains no longer occur at 
stcUed periodSf but are distributed throughout the sear 
sons without regard to any law* 

Thus^ in the west of England, the amount of rain in 
winter is eight times greater than in summer ; but in 
Germany, it is one-hay" of what falls in summer, and 
at St. Petersburg a Uttle more than one-third. In Italy 
the greatest quantity descends in autunm. There is tlie 
same irregularity in the number of rainy days; for in 
the west of England, there are more rainy days in win- 
ter than in suinmer ; but in Siberiai it rains lour times 
as often in summer as in winter. 

181. Rainy Winds. The rains in the higher lati- 
todeS| as well as within the tropics, depend upon the 
changes of the wind ; though one wind may be more 
productive of rain than another, and, in different regions, 
the rainy winds do not always blow from the same di* 
rection. 

In Europe, north of the Alps, the north-east wind is 
dry and cold, since it sweeps over the land from the 
hip^her latitudes ; but the south-west \\ md brings the 
rain, for, coming over the Atlantic from southerly 
dimes, it is warm and humid, and its capacity for mobf- 
ure is constantly decreasing. 

Out of one hundred showers that were noted at Ber- 
lin, scarcely any occurred when the north-east wind pre- 
vailed ; while nearly half were brought by the winds from 
the south-west and vest. Moreover, it rained only once 
for every 7iine ti>nr^ that the easterly winds blew, but 
thrice for the saire number of times in which the south- 
westerly breezes predominated. 

182. The reverse of this occurs on the eastern coast 
of the United States, for here the north-east winds give 
rise to the long storms of the fall and spring. At tliese 
sea^&ns, as appeals frpm the observations of Dr. Hale, 

Where are the rains irregular ? Give cases. 
What is the rainy wind of Northern Europe 1 , 
Why is it niny 1 QWe inituoes. 

WhsDoe eones tlie niny wind, ob dMCMtmi CMSt of ^Italted 9Mm* 
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of Boston, continued thiouj^h a period of fwenty-two 
years, the winds are colder than the atmosphere of the 
land, and as they come from the sea charged with moist- 
ure, the cause of the raiu is readily discerned. 

REGIONS WITHOUT RAIN. 

183. Egypt. In Egypt it scarcely ever rains. At 
Cairo, there is an av erage of four or five showers a year ; 
but, as we recede from the coast, it becomes more rare, 
until in Upper E^ypt, under the cloudless sky of Thebes, 
B man's l^Tm^pi^ away without hi. ever beholding 
a single rain* 

184. The cause of this scarcity of rain is to be sought 
in the peculiar eonfamuUian of the stirface of this coun" 
try. It is a narrow valley, Iwunded by two mountain * 
ridges on the east and west; the first* prevents the 
moisture exhaled from the Red sea from reaching the 
▼alley, and, as the African deserts extend beyond the 
western range, no source of rain exists in this quarter. 

185. The northerly winds, which blow from May till 
October, bearing off the vapors of the Mediterranean, 
pass over the whole length of the valley of the Nile, with- 
out meeting any obstruction ; and it is only when they 
are driven up the high range of the Abyssinian moun- *^ 
tains, that they become sufficiently cooled to precipitate 
rain. Here it descends most copiously during the sum- 
mer months, swelling the tributaries of the Nile, and 
producing its annual inundation. 

186. Much of the humidity brought by these con- 
stant wiiids, can be retained by the atmosphere of 
Egypt, without being precipitated ; since it is ikr below 
the point of saturation, in consequence of the prevalence 
of hot, dry winds from the desert, (Art I14,)^and the ex- 
treme aridity of the soil. 

So free from moisture is the ground, that myriads of 
human bodies have rested for centuries within its bosom 



>\%y is iL laiiiy 7 

What is said of Egypt 1 

Why is it that rain rarely &lls In this country 1 

Whatiiaaldof thsdrymvoC thosoilf 
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without suffering the lea^t decay ; and in a colIectioiKil 
antiquities, now in the British Museum, there is au an* 
cient model of an Kjjryptian house tlie store rooms of 
which, when first discovered, were full of grain thai had 
remained uniujured for ages. 

187. V]:iiv. Alon? tlie coast of Peru is stretched a 
})lain of sand, five liiiiulrcd and foily leagues in length, 
aiid varying from three to twenty in Breadth, upon which 
no rain descends. So rare is tlie occurrence of a real 
shower at Lima, that it is a source of terror ; and when 
such an event happens, religious processions parade the 
sti eets, imploring the protection of heaven for tiieir en- 
dangered city. 

The want of rain in this region is thus explained. 
Parallel to the coast of Peru, and at a short distance 
from the sea,, extends the lofty range of the Andes, tlie 
peaks of which rise far above the limit of perpetual frost. 
The constant east wind, sweeping from the .Atlantic 
to the Pacitic, across the extreme breadth of South 
America, gradually ascends the slope of the Andes; 
but by the time it has passed their summits most of the 
vapors with which it is charged, are precipitated, and it 
('(vnes to the shores of Peru comparatively destitute of 
' iuoisture. 

188. Moreover, as a sandy si>il is naturally dry, 
scarcely any evaporation occurs, and the hot air of (he 
plains possesses hut litil^ humidity. For these reasons, 
the difference in the temperature of two or more com- 
bining volumes of air is rarely suMcient to produce 
ram. 

189. A similar destitution of rain exists on the north- 
west coast of Africa, ^vhere the desert of Zahara reaches 
the Atlantic. Tn this re<^ion, intervals of tfiar or «ei;cn 
years occur between the showers. 

190. Constant Rains. In Guiana, it rains for a 



What is said of Perul 

Is a copious shower regarded as a blessins^at Limal 
Explain the cause of tliis scarcity of rairi. 
What other rt^ion is deatitute of rain 1 
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great portion of the year ; nor is this surprising, when we 
reHect that thiscoiiQtiyisalowaQd marshy region, over* 
spread with immense forests ; situated but a few degrees 
north of the equator, and subjected to the indueuoe of 
the north-easterly trade. 

The fierce heat of the sim fills the atmosphere with 
vapor, wliich returns to tlie earth again in incessant 
showers, as the cool aii lioiii the ocean liows in from thft 
higlicr kilitudes. 

In the iaLciioi", aiuij the piinicval forests, the sim 
and stars are seldom visible, and the rains noi uul/ c- 
quently continue for five or six moiU/is^ with scarcely 
any intermission. 

191. According to Darwin, rain thus prevails at the 
Straits of Magellan. " At Port Famine," says the writer, 
"we have rounded mountains, concealed by iuiperviouj^ 
forests, which are drenched with rain brought by an 
endless succession of gales: rock, ice, snow, wind and 
water, all warring with each other, here reign in. abso- 
lute sovereignty." It is a proverbial saying, in the Isle 
of Chiloe, 43° S. Lat., that it there rains six days of the 
week, and is cloudy on the seventh. 

192. ExcessiYB Showers. The quantity of rain 
that falls during a single shower is sometimes amazing. 
At Cayenne, Admiral Roussin found, on one occasion, 
that ten inches and three quarters fell in the course of 
ten hours. There fell at Genoa, Oct. 25th, 1822, thirty 
inches in twenty-four hours; and at Geneva, on the 
20th of May, 1827, six inches in three hours. In the 
famous Catskili storm of July 26th, 1819, a tub, very 
nearly as large at the bottom as at the top, was fiUed to 
the depth of fifteen inches and a half in/our hours* 

193. Rain without Clouds. Sinsrnlar as it may 
appear, tiiere are yet many well-alLcftLcd instances of 
showers occurring when the sky was dear. This phe- 
nomenon was several times observed by Humboldt; and, 



What ia said of the nins of Ghiiana 1 What of those at Poft ramima 1 

Give instances of excessive pbowera. 
Does rain ever fail from a doudiess akyl 
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according to Kaemtz, it happens in Gennany twice or 
thrice in a year. On the 9th of August, 1837, a shower 
fell at Geneva, when (he sky was cloudless^ that iafited 
two or three minutes ; and*at Constantinople, rain was 
seen to /all by M. de Neveu, for the space of ten min- 
utes, when the heavens were perfectly serene. Accord* 
ing to Le 'Gentil, this occurrence is by no means un- 
common in the island of Mauritius, during the preva- 
lence of the south*east winds ; slight showers falling in 
the evening, when the stars are shining brilliantly. 

194. Cause. The following explanation has been 
given of tliis phciioiuenon. When rain is produced by 
the intermixture of different volumes of air, the precipi- 
tated moisture usually assumes, at lirst, the form of 
small globules of vapor j an assemblage of which in the 
higher regions of the atmosphere constitutes clouds. As 
the process of condensation advances, more moisture is 
precif)itated, and the globules umting in rain-drops, de- 
• s eiul to the earth. Now it is supposed, that, at limes, 
the iiumidity of the atmosphere is condensed at oKce 
into rain, witlioiit passing tluough the intermediate bUite 
of cloud ; an(i under these circumstances a shower niight 
%11 from a cloudless sky. 



CHAPTER 11. 

OF F0O8. 

195. or ?7iists, are visible vapors, thai Jloat %n 

the atmosphere, near the surf are of the earth. 

They originate in the srimo c;msc3 a?^ rain ; viz., tlie 
union of a cool body of an* witli one that is warm and 
humid ; when the precipitation of moisture is slight^ 
fogs are produced , when it is oopiauSf rains are the 
result. 



Give cQsea. How is this drenmstancc cxpliunod 1 
What is the subject of chapter aecondl Define JogC 
In what do they originate 1 
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196. CoKRTiTUTXON. When a mist is closely exam* 
inecl) it is found to consist of minute glabuieSj and the 
inyestigations of Saussure, and Kratzenstein, lead us to 
suppose, that they are koihw ; for the latter philosopher 
discovered upon them rings of prismatic colors, libe those 
seen upon soap bubbles ; (C. 79,) and these coald not 
exist tf.tbe globule was a drop of water, with no air 
or gas within. The size of these globules is gi eatest 
whm the atmosphere is very humid, and least when it 
18 dry. 



19T. Tropical Regions. Fogs are not generally 
common in the equatorial clime, its high mean temper* 
ature being favorable to the dissolution of vapor. They 
are however, by no means, imfrequent at certain seasons, 
and in particular localities. 

Thus, in India, just before the commencement and at 
the close of the rainy season, when the air contains an 
excess of moisture, but not enough to produce raiui 
clouds of mist so dense and thick obscure the atmos- 
phere, that they are not dissipated until late in the morn* 



T>u rin^ tlie month of December, the towering sum* 
mits of the Abyssinian mountains are also shrouded in 
impenetrable fogs. Peru is remarkable for its mi^ty 
atmosphere, of which we shall soon speak more par- 
ticularly. 

198. Temperate Regions. In the temperate climes, 
mists frequently occur j but are of comparatively sinaU 
extent, 

• 

199. Polar Regions. In the polar regions they 
spread far and wide^ over sea and land, and prevail both 
in winter and summer. 

At the beginning of winter, the whole surface of the 
northern ocean isicams with vapor, denominated frost 
smoke; but as the season advances, and the cold in* 



What dooe a mist eonsiet of 7 

Where do fogs prevail least 1 When do they appear in India 1 
Whara do they occur frequently ) Whars moat ) 



DISTRIBUTION IN LATITUDE. 
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creases, it disappears. Towards the end tf Tune, when 
the summer commences, the fogs are again seen, mant- 
ling the lan(i and sea with their heavy folds. By the 
middle of summer, these also disappear, to return agaia 
at the approach of winter. 

So dense are these mists, that they render the naviga 
tion of tlie polar seas exUeniely dangerous, and the nar 
ratives of the hardy explorers of these inhospitable 
climes are full of tlie perils arising from this source. 
Simpson, who penetrated by land to the Arctic ocean, 
in 1837, speaks of the dense fog that often involved his 
party in imminent danger, while coasting along these 
jce-bound shores. 

•^00. Cause. The phenomena of tlie polnr fojj?" are 
explained in the fdlowing manner. Dui ii^<_f die short 
Arctic summer, tlw earth rises in temperature wifh 
much greater r[i|)idity than the sea : the thermometer 
sometimes standing, according to Simpson, at 71^^ Fah. 
in the s/i'tdn^ while ice of immense thickness lines the 
shore. Fiowers also bloom at the surface of the ground, 
when tlie soil is firmly frozen four inches below. The 
air, incumbent upon the land and water, partakes of 
their respective temperatures : and on account of the 
ceaseless agitations of the atinosjihere, a union of the 
warm air of the groimd with the cool air of the ocean 
will necessarily occur, giving rise to the summer fogs. 
But, as the winter approarhcs, tlie land becomes colder 
than the sea ; since the heat acijuired during the sea- 
•son of summer is lost far more slowly by the latter than 
by the former ; and then, upon the warm surface of the 
ocean, will float the frost smoke^ as the cool air llows 
down upoa it from the adjacent shores, 

LOOAL DISTRIBUTION'. 

. 201. Fog's are found along the course of rivers, ujyon y 
the sides of mountains^ aftd over s/toals and capes. It 
is not ditlicult to detect the cause of their appearance ia 

these situations. 



Describe the pOlar fogs. Explain the cause qI their formation. 
In what localitiis an nUata found 1 
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202. Rivers. The banks of a river, during the night, 
lose more iieat by radiation than the stream itself ancl 
to the air, which rests upon each, a similar difference m 
temperature is imparted. By the fluctuations of the at- 
mosphere, an intermixture is readily effected ; and the 
superfluous moisture is seen, in the morning, floating in 
fog over either bank, and tracing in a wreath of mist 
the devious windings of the stream. Fogs usually oo- 
cur over rivers in the earli/ part of the day ; for the rea- 
son, that soon after the sun rises the equality of tem- 
perature is restored, and the vapor is then rapidly dissi- 
pated. 

203. When Sir Humphrey Davy descended the Dan- 
ube in 1818, he observed that mist was regularly 
formed, when the temperature of the air on shore was 
from three to m degrees lower than that of the stream ; 
and, at the junction of the Inn and II2 with the Danube, 
at ^ o'clock on a morning in June, he found the distri- 
bution of temperature^ and the state of the mist^ to be as 
follows. 



Tmpentmv of the ait 
ovar Uw land. 


Taapciatura of tha 
rivon. 


State of tha atmoaptaafo 
over rha liveia. 




Danube, 62^ Fah. 
Inn, 56^ 
11a, W • 


Thick fog all over. 
Dense niTst all over. 
Light mist. 



204* It is^not essential to the production of (ogSy that 
the air of tlie stream should be warfner than that of the 
land ; it may be colder^ and then fogs appear, if the dif- 
ference of temperature is sufficiently great This is the 
case on the Mississippi. During the spring and fall^ 
mists form over the river in the daytime^ when the tem- 
perature of the water is several degrees below that of 
the air above, and the air above cooler than the atmos- 
phere upon the banks. These diurnal fogf9, though 
often extremely dense, are chiefly confined to the river« 
and seldom extend beyond its banks. 



Why do they ocear along the course of riven 1 « 
StatB Sir H. Davy'a observatlooa. 

Unitor what other dicimittaiices can mlati occur t Give inatannNi 
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205. Oa the 31st of Dec. 1847, as the writer waa 
stand iiif^" upon a bridi^e, whicl) crosses one of the irihu* 
taries of the ConuecliciU, he was unable to perceive a 
mill, 140 yards distant, m consequence of the dense fog 
which covered the river. Upon exanunation. the tem- 
perature of the water was found to be 32° Fall., and that 
of the air, close by the stream, 46° Fah. : a diilerence, 
here existing, of fourteen degrees, 

206. Mountains. Fogs appear upon mountains, be- 
cause the warmth of the atniospliere diminishes as we 
ascend, (Art. 51,) and the cool and shady forests, that 
clothe their sides, contribute suli furtlier to lower the 
temperature. Hence, when the warm air of the vales 
is gradually driven up by the wind into these regions, its 
capacity for moisture is continually reduced, until ai 
length a precipitation occurs, and clouds of mist involve 
both cliir and forest. 

207. At the Mountam-House, on the Catskill range, 
the temperature in summer is ten degrees lower than in 
the valley of the llinlson : and often when a breeze sets 
towards the mount lia, a spectator upon the summit be- 
holds, at first, a wreath of mist extending along the 
base ; soon the lower belt of forest is concealed from 
view, and the fog continuing to ascend, thickening and 
spreading on eveiy side, the landscape ere long is com- 
pletely veiled, and a chilling wind sweeps past, loaded 
with moisture. A fact related by Sir John Herschel, 
affords a striking illustration of the inlluence of trees in 
condensing moisture. During the residence of das gen- 
tleman at the Cape of Good Hope, lie observed, that on 
the side of the Table-Mountain from which the wind 
blew, the clouds were spread out and descended very low, 
and often withotit any rain falling ; while on tbe oppo- 
site side they ptmrcd over the face of the mountain in 
deuse masses of vapor. Sir John discovered, when walk- 
mg beneath tall fir trees, while these cUiuiis were closely 
■overhead, that lie was subjected to a copious shower^ but 
x)n coming from beneath the trees, the rain ceased. On 

Why do fogs appear upon mountsinfll HluBtrateb 
Wliat filct is related by Sir John Heischel I 
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invecttigaitng' the cause, he found that the clouds were 
condensed into rain on the cool tops of the trees. 

208. Capes. The reason for the existence of fogs 
over capes and headlands has already been given} in 
accounting for the prevalence of mist in the polar 
climes. 

The soil of these places becomes warmer in summer 
than the ocean that wa«3hes their shores ; but in the 

wiiitcr^ colder; and the difference in temperatnre is 
usually sufficient lo produce a constant successioQ of 
mists. 

209. Shoals. A similar state of the atmosphere 
occnrs over shoals, inasninch as their waters are colder 
than those of the main ocean. Thus, Humboldt found 
near Corunna, that while the temperature of the water 
on the shoals was 54^ Fah., that of the deep sea was as 
high as 59° Fah. 

Under these circumstances, an intermixture of the 
adjacent volnmes of nir, restinof upon the wafers thus 
diirering in temperature, will naturally occasion fogs. 

210. Newfoundland. Mists of great extent shroud 
the sea on the banks of Newfoundland, and particularly 
near the current of the Gulf Stream. The difference 
in the warmth of the waters of the stream^ the ocean, 
and the hankSy fully explains this phenomenon. This 
current, flowing from the equatorial regions, possesses 

* a temperature Fah. above that of the adjacent ocean, 
and the waters of the latter are from 16^ to 18^ warmer 
than those of the banks. The difference, in tempera- 
ture, between the waters of the stream and banks, has 
even risen as high as thirty degrees. 

211. England. England, smrounded by a warm 
sea, is subject to thick fogs^ that prevail extensively in 
the winter. In London they are often so extremely 
dense, that it is necessary to light the gas in the streets 
and houses m the middle of the day. On the 24th of 



Why over capes 1 Why over shoals ? 

How are the fogs of Newfoundland explained 1 

Describe those of England. " 
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Febnimry. 1832, people ia the streets Were unable, at 
mid-day, to see distinctly on account of the fog ; and in 
the evening, the city having been illuminated, as this 
day was the birth-day of the queen, boys went about 
with torches, saying, "that they were looking for the 
Illumination." Similar fogs have been observed at Paris, 
and Amsterdam. The smoke, arising from the exten* 
sive combustion in such large cities^ is regarded, by some^ 
as contributing to the density of these extraordinary 
fogs. 

212. Garuas. AVe have seen, (Art. 187,) that along 
the coast of Peru, the atmosphere scarcely ever possesses 
sufficient moisture to produce rain ; it contains, how- . 
ever, enough to create widely extended and couLitiued 
fogs 

The wintry season, in this country, lasts from April 
to October, and, throughout the whole of this period, a 
veil of mist shrouds sea and j^liore. At the beginning 
and end of this season, it rises between nine and ten in 
the morning, and disappears about three in the after- 
noon, at the hottest portion of the day. Hut, during 
the months of August and September, the vapor is ex- 
tremely dense, and rests for weeks immovably upon the 
earth. In October and November, the misty canopy 
befrius to rise, and gradually growing thinner, at length 
yields to the piercing rays of the sun, and is entirely 
dissipated. 

213. These fogs, termed by the natives, OaruaSj are 
said to be at times so heavy, that the moisture falls to 
the earth in large drops, which are formed by the union 
of small globules of mist. There is, however, this dis- 
tinction, between them and rain-drops ; that the latter 
descend from the more elevated regions of the atmos- 
phere, while the garuas do not extend higlier than 
twelve hundred feet ; their average altitude varying from 
seven to ei<^ht hundred. 

214. Passing eastward from the Puna table-lands of 
Pern, across the lofty ridges of the Andes, the traveler, 



Describe the Garuas. 

De«cribe the slate of the atmosphere east of tiie Puna regioos. 
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after descending a few hundred feet, arrives at a region . 
totally difrercnl from that whicii he has just left. He 
no longer breathes a pure and refreshing atmosphere ; 
for the air is loaded with vapors, and the wooded ranges, 
called the Ceja de la Montana, or mist of the mmtntain^ 
are clouded with fogs throughout the year. In the 
dry season, these are dissolv^, during the day, by the 
powerful influence of the sun ; but in the winter they 
condense upon the bills, and descend in ceaseless tor- 
rents of rain. 

215. Proceeding in the same direction, fi om the Ceja 
de la Montana, the naagnificent slope of the Andes soon 
opens upon the sight ; not reposing beneath a clear and 
azure sky, but overshadowed by a thick veil of mist, 
impenetrable to the rays of the early sun, and yielding 
only to his noontide beams. » 

216. The explanation of these phenomena is to be 
found, in the constant advance of the humid trade wind, 
from the eastern sliores of Soutli America to the tow< 
ering summits of the Andes. Rising continually in its 
onward progress into higher and colder regions, its ca- 
pacity for moisture is ever diminishing, and the atmos- 
phere is always near the point of saturation. Its inland 
course will thus be marked by abundant rains, and when 
these abate, fogs and mists succeed in their turn. 

By the time this great atrial current has arrived at 
the more elevated ridges, most of its humidity has been 
discharged ; during the dry season enough oiuv remains 
to produce extensive mists; and when, at length, it 
has reached Peru, it possesses scarcely any mmsture, 
(Art. 187.) 

2ir. A powerful auxiliary cause exists, in the rich 
and luxuriant vegetation, that springs up eveiy where 
throughout this boundless region. The light of a trop- 
ical day, in its meridian splendor, can scarcely pierce 
* tbe massive foliage of those mighty forests, which stretch 
away for leagues from the base of the lower Andes ] 
f Vi hile the lighter forms of vegetation, spreading in wild 



Explain the caus^. 

What ii the efloct of the Teg^ution in this particular 1 
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exuberance over the higher belts, effectuatly^ shield tl e 
earth from the fierce rays of the sun, and check the pro* 
gress of evaporation. • The soil, thus siiaded, is always 
moist, and the air warm and humid ; and from the 
causes already stated, such results are here produced as 
we should readily infer — excessive rains tn the lower 
forests (190), and clouds of mist upon the more devoted 
ranges* 



CHAPTER in. 

OP OLOUSS. 

218. The nofne of douds is given to those coUe^ions 
of vapor, thai fiooJt at a lofty Mitude above the earth, 

219. Though differing from fogs in situationy they 
originate in precisely the same causes ; being formed, 
in the higher regions of the atmosphere, by the union of 
warm and cold air, when the combining volumes are 
over saturated. The excess of huipidity, when slight, 
thai appearing in the atmosphere in the form of douds. 

220. During the daily process of evaporation, warm, 
humid currents of air are continually ascending from 
the earth; the higher they ascend, the colder is the at- 
mosphere into which they enter ; and, as they continue 
to rise, a point at length will be attained, where, in 
union with the colder air, their original humidity can no 
longer be retained ; a cloud will tiien appear, which in- 
creases, in bulk with the upward progress of the current 
into colder regions. 

If the cloud however, in its ascent, either meets with 
a warmer stratum of air, or descends towards the earth 
into a region of a higher temperature, a portion cf the 



What is the autgect of chapter thiid ) | 

Deflna elouda. 

How do thejr originate 1 

In what mannar do aaoendlns eumatB produie ctoiidat 
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mmute globules of water which compose it, perhaps all, 
w3l be re-dissolved, and the cloud will either contract in 
size, or completely vanish, according to the increase of 
heat to which it is subjected. 

221. The entire atmospherei to the altitude of many 
thousand feet, is constantly traversed hy numerous hori- 
zontal currents of air, flowing in dinerent directions^ 
and at diflferent heights. Combinations of vast volumes 
of air, varying in temperature^ must therefore at times 
inevitably occur, as well in the higher as in the lower 
regions of the atmosphere ; and when the excess of 
moisture resulting from this union is but smalls clouds, 
with theii ever-changing forms, obscuie the serenity of 
the sky. 

222. When Clayton, on the 31st of July, 1S37, as- 
cended in a balluuii fiom Louisville, Ky., the direction 
of his course was altered no less than five timcs^ in the 
space of fourteen hours. Once, when at a very ^ve^X. 
height, he beheld, a ruile below him, a snow-white cloud 
of a mountain shape driftini^ in an opposite direction to 
that in which he was traveling. 

223. The upward iinprdse oiven to the w'arm atmos- 
phere near the earth, when driven by the wind against 
•he sloping sides of mountains, is also a fruitful source 
of clouds. (230.) 

224. Strata op Clouds. When an extended range 
of clouds settles down tow^ards the earthy its under sur* 
face often copies the outline of the landscape immediately 
beneath, assuming a horizontal direction. This is owing 
io the high temperature of the air below the cloud, in 
coosequencc of which the latter would cease to be visi- 
ble, were it to descend lower ; Ibr the globules of vapor 
would then be dissolved by the warm atmosphere. 

225« Above the first range of clouds, the temperature 
is often much higher thad in the re|ion of vaponi bo- 



What said zb to the evBlonoe of horlzontiil eonentfl^ and their efleeti ^ 

Relate the iilustration. 
♦ What is the influence of mountains? 

What is said as regards thf? figure of the under surface of cloudi I 
How is the exiiteoce of sue^eaaive ranges of clouds explaiaed 1 



Digitizeu Ly ^oogle 



85 « 



A(alUEO08 PHENOMENA 



neath. Here the air will be clear, and a tract of con- 
siderable thickness frequently intervenes before we ar- 
rive at a second range of clouds ; to this may succeed 
another body of pure an*, and still higher a third rang9 
of r.louds, and so on, alternately. 

226. The following account, given by JollifTe, of his 
aerial voyage, which took place in England, in 1826, 
its instructive in this connection. 

'^Our progress, during the first quarter of a mile, was 
80 gradual, as to be nearly imperceptible ; but on dis- 
charging a portion of the ballast, the balloon ascended 
with a rapidity, which', in a few minutes, buried us in 
the vapors of a dense mass of clouds. The temperature 
was here cold and raw ; such as I have felt on a moun- 
tain-top, when enveloped in fog* We loitered here for 
some Ume ; but at length rose with uncontrollable velo « 
city, and burst, almost suddenly, out of this dark barrier 
into realms of light and glory. The stratum of clouds 
from which we had emerged, seemed depressed to a vast 
distance below us, involv^ in radiant folds, which com- 
pletely shut out all view of the earth.'' 

227. niViicKNESS. The thickness of clouds is some- 
times immense. On the 29lh of Sept. 1S26, Peytier and 
llossard, two French enfrineerSj were upon ihe Pyre- 
nees, and so stationed, liiaL iliey behckl, at the same 
time, the upper and lower surfaces of ihc name cloud. 
As the altitude of each station was known, the thick- 
ness of the cloud was readily determined, and found to 
l)e 1,470 feet. On the succeeding day, the thickness of 
the clouds was 2,7S8 feet ; or more than half a mile. 

228. Height. The height of clouds has been vari- 
ously estimated. According to observations given by 
Dalton, two-fifths of all the clouds observed in England 
for the space of five years, were more than 3,150 ybei? 
above the earth. By notinof when the upper and lower 
surfaces of tiie clouds touched the peaiU of the X^yre- 



Relata the aeotont given by JolUfle. 

What is said respecting the thlcknesa of cloudi 1 

What of their height? 
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nees, which had previously been raeasnred, Peytier and 
Hossaid obtained no less than forty right altitudes. It 
was ihm found, that the low-r surfaces here varied in 
hciLHtt from 1,476 feet to i3,200, and the upper from 
2,952 feet to 9,840. 

229. The computations of many distinguished ob- 
servers have been collected by Kaenitz ; and from these 
it appears, that clouds range, in height, from 1,300 feet 
to 21,320. 

The extreme elevation here given is, however, not 
sufficiently great ; for clouds are sometimes seen lioat- 
inty above the summit of Cliimborazo, which rises 21,480 
feet above the sea-level; and when Gay Ltissac, in the 
inonth of September, 1804, ascended in a balloon to the 
altitude of 23,000 feet, be beheld cloudu still soaring 
above him, apparently at a great height 

3Q. Clouds on Mountains. When a moimtain 
lange is viewed from a distance, the various peaks are 
frequently seen capped with a cloud ; while the atmos- 
phere between tiiem is perfectiv clear. This appear* 
auce sometimes continues for hours, and even entire 
days ; and was often noticed amid the Alps by the cele- 
brated Saussure. It is caused by the wind impelling 
W the sides of the peaks the warm, humid air of the 
. vales, which, in its ascent, gradually sinks in capacity, 
until it is over-saturated, when the excess of moisture 
becomes visible, and appears as a cloud. 

231. This phenomenon is illustrated by figure 12. 
TiCt ABO represent the outline of a mountain peak, up 
the sides of which a warm current flows, in the direc- 
tion ^of the arrows. Above the Viae D E, the tempera- 
ture is below the dew-point of the current, and. its hu- 
midity is condensed into a cloud at B. As the wind 
sweeps over the summit, the cloud B is carried below 
the hue D £, on the opposite si.le, and re-dissolved in 
the warm atmosphere beneath ; but its place, mean- 
while, is occupied by a fresh cloud, caused by the ascent 
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of the warm air on the side A B. It thtis occurs, tliat 
though the cloud upon the niuuatain ic* i^iaiwnai y for 
Lours tojrether, yet the particles which compose it are 
comin uai ly chaiiglng, 

232. The appearances ju^^t described are fuicly dis- 

f)layed upon the St. Gothard, a mountain in Switzer- 
and, about Gi)(l() feet high. Dark, heavy clouds that 
have formed on one side of the mountain, are frequently 
seen, passing rapidly over its summit, auil descending 
in dense masses into the vale of Treniola, oa the oppo- 
8ile side ; but, instead of filling the plains boneatli with 
thick vapor, the clouds are dissolved by the warm air into 
which they are precipiUUed. 

233. A singular instance of the alternate appearance 
and disappearance of a ch3ud occurred, ii*>L long sirice, 
upon the coast of England. A cluud was seen, borne 
along by the \vind, apparently passing from one side of 
an arm of the sea to the other, but not exteadnig across 
the water. It was visible over the land^ on each shore, 
but the 5A*y above the water was perfectly serene. This 
phenomenon may be thus explained. Over the land, in 
the region of the cloud, the air was beloio the dew-point ; 
but over the water, the sea being warmer than the land, 



Explain from the figura, 
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the temperature of the air was higher, and above the 
dew-point. When, therefore, the wind carried the cloud 
over the sea it vanished, its moisture being re-dissolved 
by the atmosphere ; Iml when the body of air in wfiich 
• the cloud had previously existed, arrived at the opposite 
skiore, a second precipitaiiou of moisture took place, and 
the cloud reaj^peared. 

CLASSIFICATION. 

234. Clouds have been divided into seven kinds ; three 
original^ viz. the cirrus^ tlie cumulus, the stratus ; and 
/"our formed by combination^ viz. the cin o-cmnuluSf the 
cirro-stratus, the cumtdo-stratus^ and tiie nimbus, 

235. Cirrus or Curl Cloud. This cloud is su 
called, from the Latin word cirrus or cw^l, because it 
usually resembles a distended lock of hair. It is dis- 
tinguished from the other kinds by its fibrous structure, 
the lightness of its appearance, and the variety of figures 
it is capable of assuming. After a period of fine weather, 
slender filafnents of the cirrus are frequently seen, 
stretching like white lines across the azure sky. Some- 
times these threads of clouds are arranged m parallel 
bands, which in the northern hemisphere, (wherever 
observations have been taken,) are either directed from 
south to north, or from south-west to north-east ; at other 
times they separate, resembling the tail of a horse ; a 
form which is known in Germany by the name of wind- 
trees. These filaments are also not unfrequently seen 
crossing each other, and investing the sky with a deli- 
cate net-work of gauze-like vapor. One of the most 
beautiful forms of the cirrus occurs, when the fibres curl 
from each side of a band of light cloud, and the whole 
appears like the feathered grain of a rich piece of ma- 

'hogany, (figure 13, a.) 

236. The white color of the cirrus renders it difficult, 
in all cases, to detect its peculiar structure ; for the eye 
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Deeoibe the dirua. 
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is dazisled by its excessive ligiit. The cloud may, how- 
ever, be viewed at leisure, by ictlcction from a blackened 
raiiTor, wliicb diininisbes tlic bric^htness. 

237. The cirrns soars the fii f(iiest of all clouds. Its 
altitude, at Halle, in G^^miany, has fiequently been 
maled, by Kaemtz to be not less* than 21,oOU feet ; and, 
from tlie observations of ten years, this distinguished 
meteoroIo|^ist has been led to believe, that it is entirely 
composed of snoiv-flakes. Indeed, the temperatnte of 
the elevated regions in which it Hoats, must be often far 
aelow the freezing point. 

238. CuMULcrs. This kind of clpud acquires its 
name from the Latin word cumulus or hieap ; the vapor 
seeming to be piled or heaped together. It is usaali^ 
seen in the form of a hemisphere, resting upon a hon- 
zontal base ; bat aC times detached masses gather into 
one vast cloud upon the horizon; their radiant sum- 
mits gleaming like the snowy pesdcs of distant moun* 
tainsj (figure 13, b.) 

239. The cumulus ts the chudof day^ and is produced 
by the ascending currents of warm air, caused by the 
solar heat. Duriixg the fine days of summer, its peculiar 
figure is most perfect, and its formation and decline oc- 
cur in the following manner. Although the sun may 
have arisen in a cloudless sky, a few solitary specks of 
vapor may be seen towards eight or nine o'clock ; these, 
as the day advances, enlarge from within, become thicker, 
and accumulate in roundM masses, which continue to 
increase in number and siz*^, till the hottest part of the 
dajr. After th's time they £;radual]y lessen, and often 
entirely vanif h, leaving the sky at sunset again perfectly 
fierene. 

240. The cr.-nulus floats low i& th") irorcing; but itj 
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altitude increases with that of the ascending currents^ 
which attain their highest elevation soon after mid-day ; 
towards evening the currents subside, and the cloud 
descends. This circumstance has often been remarked 
by meteorologists, when stationed on elevated moim 
tains. In the mornings the cumulus has been seen be- 
neath them ; it enveloped them towards noon ; then 
soared above them for several hours, and descended to 
tlie vale at the close of day. 



Fig. 13. 




OXRKtT* (a), OCUnLCt (6), AMD aTRATUS (e> 
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241. It is not difficult to account for the facts just de- • 
tailed. The cumulus begins to be formed^ when the 
warm currents, in their upward progress, arrive at a 
temperature so low that they become over-saturated 
with moisture ; and the excess is then condensed into a 
cloud. 

The higher the currents rise, the colder is the atmos* 
phere, generally speaking, and the cloud must necessa^* 
rily enJarge ; but when in the afternoon the strength 
of the currents abates, the clouds which are buoyed up 
by their force, sink doWn into warmer regions of the at** 
niosphere, and are either partially or completely dis(- 
Bolved. 

242. The rounded /^r^ of the cumulus is attributed 
by Saussure to the mode of its formation f for when 
one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of 
curved lines. This may be seen, by sufiering a drop of 
milk*, or ink, to fall into a glass oif water ; but the shape 
of a cloud of steam, as it issues from the boiler of a 
locomotive, presents a far better illustration. 

243. Stratus. This cloud derives its name from 
the Latin word siratus^ or covering ; it forms about . 
sunseti increases in density during the ntght, and dis- 
appears at sunrise. It is caused by the vapors which 
have been exhaled during the heat of the day, but re- 
turn again to the earth towards the evening, when the 
temperature has declined, and are then condensed into 
a sheet of clouds, which stretch along and rest upon the 
horizon (figure 13., c). This class likewise includes 
those Mght and spreading mists, which gather in mead- 
ows and vales in the evening of a warm summer's day, 
floating like a veil over the surface of the ground, and 
extending but a short distance above it. 

244. GiRRO-sTRATUs. This cloud is so called, be 
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^ cause it partakes of the characteristics of the cirruj and 
vtratus ; origioating usually in the cirrus. It is remark* 
Able for its great length, in proportion to its thickness ; 
but though preserving in the main this peculiarity, it 
assumes many varieties of form* 

245. At one titne it consists of a namt>er of parallel 
bars of vapor, in close proximity, blended together at 
tlie middle, but separated at the edges (figure 14, 6), or 
it may appear as a streak of vapor, broadest at the mid- 
dle, and tapering towards either end (c). A third va- 
riety consists of small rows of clotuls, parallel to one 
another ; each successive row becoming shorter, from* 
the .widest part of the cloud to the extremities, (d.) 
The name of cirro-stratus is also given to that thin, 
gauze-like cloud, which sometimes overspreads the 
whole sky, and tnrough which the sun and moon are 
dimly visible. 

246. Cirro-cumulus. It not un frequently happens, 
that the heavens appear as if sown with little round 
masses of clouds, lying near to each other, but pei fectly 
separated by intervals of sky (figure 14., a). Tiiis cloud 
is the cirro-airmihis^ and often arises from a change in 
the cirrus and cirro-stratus ; the bcus of the latter being 
divided across the direction of their length, and the dif- 
ferent parts rounding into the cirro-cumulus. Some- 
times the reverse occurs, and the cirro-curnuius is seen 
ciiaiJi^Hitr into the cirrus aaJ cirro-stratus. 

247. The structure of the cirro-cumulus is not always 
the same: at one time the niaspc ? are very dense and 
well-rounded ; at another their form is irregular, and 
the sky often presents a curdled appearance, when cov- 
ered with this cloud. Sometimes the cirro-cumulus is 
80 light and fleecy, that the rays of the sun, as they tra- 
verse it, are scarcely dimmed, iiumboidt found them 



Describe the cirro-ttrfttiM. 

How is it produced 1 

What are some of its varieties 1 

r>e«crihp the cirro-cumulus. 

Whence does it arise ? 

State some ol the peculiarities of this cloud 
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even so delicate that he was able to discern through 
them the spots on the moon. The last two classes of 
clouds, like the cirrus, float at a very lofty height. 



Fig. 14. 




C1UU0 STRAT08 {0, C, rf), CIRRO CUMULUS (a), NIMBUS (C), CUMULO-STRATU8 (/). 



218. CuMULo-sTRATUs. The variety of cloud to 
which this name is given, combines the characteristics 
of the cumulus and stratus. Its base consists of a hor- 
izontal stratum or layer of vapor, from which rise large, 
overhanging masses of cumulus (figure 14.,/). Some- 
% 

What is said respecting the height of the cirro-stratus and ciiro-cumulusl 
Describe the cumulo-stratus. 
Of what does it consist 1 



CLASSIFICATION. 



times coDtigooas cumulus cloudi unite, and passing into 
the state of cumulo-stratus, form groups of immense 
size. This cloud is seen in perfection upon the ap- 

S roach of a thunder-storm, when the cumulus clouds^ 
riven together by the wind, are piled upon each othery 
and assume those peculiar forms commonly known by 
the name of thuiuJtrfK ads. 

249. This rooditication also frequently arises, when 
the cumulus is pierced by the cirro-stratus ; and it is by 
no means unusual to see four or five parallel bars of the 
birro-stratus, one above the other^ passing through the 
same pile of clouds, which then present successive tiers 
of the cumulo-stratus. 

250. Nimbus, or Rain-Cloud. This cloud is so 
called from the Laiiii word, n'unbus^ a rainy dark cloud ; 
it possesses uo peculiarity of form, buL is distinguished by 
its uniform gray tint and fringed edges (figure 14., e), 
li is usually composed of some of the preceding classes 
of clouds, so blended together that they cannot be dis- 
tinguished, and IS produced hy a change in tlieir struc- 
ture, the result of an increase in density. 

251. The nimbus often originates in the cumulo-stra* 
tus, which, as it increases in thickness, frequently as- 
sumes a black or bluish tint. In a short time this hue 
changes to s^ray^ a circuiiistancc wliich indicates that 
the nimbus is formed and rain descending. 



When i« th!«i cIomH! most perfectly formed 7 

Under what other circumstances is the cumuicKstratas seen) 

Describf the nimbus. 

How is it distinguished 1 

Of what does it consist? 

Ifowishcaafledl 

In what doad doM it often oilginntti 
' WhatdoeiagmytJntindiMMl 

8» 



Digitizeu 



t06 A«tVEOUS PHENOMENA* 



CHAPTEB IV. 

OF DEW. 

252. Dew is the moisture spontaneously deposited 
upon the surfaces of bodies exposed to the atmosphere^ 
when the latter is free from the presence of fogs ana 
rain. 

253. The whole subject of dew was most happily 
illustrated by the observations and experiments of Dr. 
Wells, in 1812 ; and the theory which he then advanced 
is now generally received^ supported as it is by a vast 
assemblage of racts. 

254. Deposition. The deposition of dew is caused 
by the Ufiequal radiation of heat from the atmosphere 
and the substance bedewed. During the day^ the bodies, 
that either compose the solid crust of the earth or clothe 
its surface, become heated by the solar rays, and the 
lower stratum of that portion of the atmosphere which is 
directly above, is then likewise raised in temperature, 
and its capacity for moisture increased. 

When, however, the night comes on, and even before, 
the earth and air, radiating their acauired heat into free 
space, sink in temperature ; but the loss of the former is 
greater than that of the latter, since, during the night, as 
experiments show, the air a few feet above the ground, 
. 18 sometimes warmer than the sur&ce of the soil, by fif- 
teen degteee. 

It thus occors, that the stratum of air immediately in 
contact with the earth is cooled down by the latter, be- 
yond the point of saturation ; and the eiceas of humidity 
18 condensed, upon the ffubstances that form its sudkce« 
in drops of dew. (Art. 65.) 

255. It may therefore be assumed as a principle, that 
dew never begins to be deposited upon the surface of 



What If the tuligwt of chapter fonrthl Define deir. 
Whole theoiy U generally reorived 7 
How ta the d^HMdUon of dew caused 7 Explain the proL r 
"Binyr much warmer is the air sometimea diBD the gioiuid ) 
What piindpte may be aeaumedl 



Digitized by Google 



INFI^UENCE OF THE ATMOSPHERE* 107 



any hody^ until it is colder than the contiffjforf.^ atmos- 
phere ; and, other circumst .uicrs being the same, the 
greater tins difference in temperature^ the greater the 
amount of dew. 

The quantity of dew deposited within any given time, 
depends, chiefly, upon the humidity^ serenity^ and tran- 
quiUity of the atmosphere ; and the constitution^ form^ 
surface^ and location of the bodies receiving the moisture. 

INFLUEIfCE OF THE COXTDITION OF THE ATMOSFHE&E. 

25G. Humidity. That the quantity of latent vapor 
in the air must regulate, in a great measure, the amount 
of dew, is perfectly clear, since the latter is nothing else 
than coTidensed atmospheric vapor, 

257. Serenity. Every thing that favors radiation 
from the earth, and consequently produces an increase 
of cold, contributes to the formation of dew. Thus it 
is copiously deposited on serene nights ; for the radia- 
tion from the earth then proceeds unchecked : while, on 
the contrary, little or no dew is seen after a cloudy 
night ; since the canopy of the clouds reflects back to 
the earth the heat that is proceeding from it, maintain- 
ing its surface and the contiguous air at nearly the same 
temperature. 

If, however, the clouds separate only for a few mth 
meritSf the heat escapes from the earth through the in- 
teiivals, and dew is rapidly deposited ; but if the sky is 
again suddenly overcast, the radiation is arrested, and 
the heat reflected back to the e&rthf raising the tem- 
perature at its surface, and Bpeedily evaporating the dew 
just formed. 

258. These singular changes in temperature wera 
observed by Dr. Welis. On one night, the sky being 
dear^ the temperature of the grass, at half past nine, 
was 229 Fah. ; in twenty minutes afterwards, the heav- 
ens being suddenly ofoereast, it rose to 39° Fah. \ in 



What circumstances influence the quantity of dew i 
What is the effect of humidity 7 What of serenity 1 
WbatisthsliiAueiiGoof doudsl Give iostanoti. 
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twenty minutes more, under a sere?ie sky, it sunk ag-ain 
to 32^ Fah. It was also found, that a thermonintei ly- 
ing upon the grass, wouid rise several degrees^ if tlie sky 
directly above it was covered by a cloud only for a few 
minutes. The influence of clouds upon the tempera-' 
tare of the a»r is by no means as great ; for while, on one 
evening, when the sky was obscured for the space of 
forty-five minutes, a thermometer placed upon the turf 
rose fifteen degrees, another, suspended iti the atmo/t- 
phere just above, rose but three and a half degrees. 

TRANauiLLiTY. In a calm night, other circinn- 
stances being the same, more dew will be deposited 
than when it is windy ; foi the wind will not suffer any 
one puiiiun of air to remain long enough in contact with 
ilie cold surface of any body to condense much of its 
moisture, hurrying it away before it is sufficiently cooled ♦ 
down for this purf)ose. 

260. A slight agitation of the atmosphere, however, 
is of advantage ; since, after one portion of air has de- 
posited upon any surface its exuberant moisture, it re- 
nioves it li rtni the spot, bringing up a fresh portion to 
the same place, and so on successively; giving time to 
each to sink to the temperature of the surface bedewed. 
Ah the night advances, and the earth becomes still 
colder, the same volumes of air, renewing their contact 
with the same surface, may be again surcharged with 
liumidity, and deposit more dew. 

261. Evening and Morning. Dew is often formed 
towards the dose of the aftemmn^ in consequence of 
the earth then losing more heat by radiation than it 
receives from the slanting rays of the descending sun. 
It also freauenlly forms in shady places just after sun- 
rise ; for tne surface of the globe, which has been grad- 
ually sinking in temperature during the night, is not 



Which is most affected by clouds, the air or the gJCOWOdl iiklStrata. 

Why dot's a wind Jesscn the amount of dew? 
What is the efllct of a slight agitation of the air? 
Why docs dew begin to form towards the close oi day 1 
Wheie dues il furui after sunrise 1 
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immediately influenced by the warm beams of the gun. 
Indeed, at this lime, moie dew Is deposited than at any 
Other equal period in the tweiity-iuui hours. 

INFLUEHOS OP THE BUBSTANOE BEDSWSH. 

262. .Constitution. Since the prm] action of dew 
requires that the body bedewed must be colder than tbe 
surtou tiding atmospherp. nil substances, ichich rapidlt/ 
lose their own heat antl sloirhj acquire that of others^ 
are msceptible of bcinf^ copious!?/ bedewed. On the con- 
trary, substances possessing the opposite qualities con- 
tract but little dew. 

Tender the first class may be included fflass^ silk, 
down, wool, and. in g-eneral. all bodies of a porous tex- 
t ure ; while nietaU and rodks belong to the second divi 
sion. 

263. If similar plates of polished glass and metal are 
exposed alike upon the soil during a favorable night, 
in the morning tlie glass will be drenched with dew, but 
the brightness of the metal will be scarcely dimmed. 
These different results arise from the fact, that, while 
the glass is deprived by radiation of ninety hundredths 
of its original heat, twelve hundredths is all that the 
metal loses. Besides, the glass, being a had conductor^ 
draws but little warmth fk'om the earth to supply its loss ; 
"while the metal, bein^ a g'ood. cottductoTf ^an easily 

. restore any reduction of heat from the warm soil imme- 
diately below. 

Lai^e plates of metal, exposed throughout the night, 
never acquire a temperature more than three or four 
degrees below that of the atmosphere. 

264. SuEFACE AND FoEM. A jsiofijJM suT&ce does 
not radiate so well as one that is roi^ and ufieven; 
and the latter is always found,, under a like exposure, 
to receive more dew. Pomts radiate heat most rapidly, 



Account for its deposition nt this time. 

What substances h^q capable of being copiously bcdewod ? 

What not 1 Give examples. 

Aeooant fbr the naequAl depoildoD of dew on gtass and maCaL 
What isjaidol poliahed end rough anifiKSia In tUa particular t 
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and are therefore the coldest portions of a radiating 
body ; hence, of all the globules of dew that form upon 
blades of grass, the largest are found at the very ex* 
tremitieSb 

Grass is well known to be copiously bedewed ; its 
form, as just mentioned, causes it to lose its own warmth 
with great rapidity, while its porous texture prevents 
it, at the same time, from replenishing its loss from the 
soil. 

265. Location. If a body is screened from the open 
sky, it contracts less dew than when fully exposed ; for 
the screen arrests radiation in the manner of clouds ; 
and the diderence in temperature between the sheltered 
body and the contiguous air, is less than thai which 
would exist between the same body and the surround- 
ing atmosphere, were the substance bedewed entirely 
iinslicltered. This has been preyed by the experiments 
of Dr. Wells. 

266. In four trials, made with two parcels of wool, in 
all respects alike, the first of which was placed upon the 
upper side of a board, four feet from the ground, and the 
second loosely attached to the under side, the gain, in 
deW| was as Allows ; 

a 

1st parcel, 
2d do. 

We hence perceive, why, beneath the shelter of trees, 
and on the under surfaces of leaves, but little dew is 
found. 

267. Dew has never been found upon the surface of 
large bodies of water ; for whenever the aqueous parti- 
cles at the surface are cooled, they become heavier than 
those below them, and sink ; while warmer and lighter 
particles rise to the top. These, in their turn, become 

What of points'? 

Why arc tho largest beads of dew upon the end of th^ blades of grass 1 
"Why does an exposed body contract more drw than OHO wluch isthfll" 
|er<id7 Give the rcsulte of Dr. "VVtlls" experiments. 
Why are the surfaces of large bodies of water free from d«w 1 
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hearierand descend ; and the process continuing through- 
oat the night, maintaias the surface of the water and 
the air nt nearly the same temperature. 

Dr. Wells ascertained, experiment, that even a 
smali quantity of water gains no weight by exposure 
during a single night. 

It appears, from the nanrative of the U. S. Exploring 
Expedition, and from other sources, that on the ocean 
heavy deposits of dew sometimes occur upon the decks 
of vessels. 

268. The exposed parts of the human body are never 
covered with dew ; since the vital heat, varying from 96° 
to 98^ Fall., effectually prevents such a loss of wai'mtli 
as is necessary to its production. 

•269. Color. A few experiments were made by Dr. 
Wells, in order to ascertain the effect of color upon 
dew ; but without any decisive results. In 1833, Dr, 
Stark, of Edinburg, made two experiments, from which 
he inferred, that under like exposures, more dew was de- 
posited upon dark-colored bodies, than upon /^A/-colored» 
But the author of this work, from an investigation pros- 
ecuted by himself during the summer of 1846, arrived 
at the conclusion, that color exerts no influence vfhat* 
evlr upon the quatUUff of dew. This fact might also be 
inferred from the experiments of Dr. Bache on heat, 
which clearly show, that the, amount of radiation is not 
affected by color. 

270. Observations. The observations, which have 
' been made in various regions of the globe, in regard to 
the occurrence of dew, strongly corroborate the theory 
of Dr Wells. In Bengal, during the month of Novem- ' 
her, the nights are beautifully serene, and accompanied 
with heavi/ dews ; but in April and May, when Mffh 
winds prevail, with a dose and eUnidy atmosphere, no 



What experiment wae made by Dr. Wdls % 

What is stated in the nanatiTe of the Exploring Expedition 1 

^Vhy is dew nerer found upon the human body 1 

What is said as to the influence dT color? 

Wiint do the obscmtiona made in different regions attest t 

Give iastances. 
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Jew 18 deposited. From September to Miatch, the mia 
glom like an orb of fire over Southern Guinea ; but the 
iiights are coo/, and the parched . soil is refreshed with 
abundant dews. In Egypt, profuse dews^ like rain, 
occur in the summer, when the oiffhts are resplendent 
with stars ; while at Thebes, where the sky is con- 
stantly serene^ abundani dews are the only inoisture 
that the earth receives from above, during the lapse of 
many years. 

271. Facts explained. The explanation of several 
familiar facts, depends upon the foregoing principles. 

for instance, if, in a warm summer's day, a i^lass 
is liiled with cold water, the exterior surface is seen 
covered with moisture ; for the reason, that the glass, 
being colder than the air in contact, cools the latter be- 
low the dcw-[)oint. In summer, caves and cellars are 
damp ; because the warm air that eiUers them from 
without is cooled donm, and its humidity either Hoals 
in the atmosphere, or is condensed in bcadi of dew upon 
the stones. 

272. Beneficent Distribution. The mode in 
which the blessing of dew is dispensed to the earth, 
beautifully exemplifies the benevolence of our Creator, 

In the temperate climes, where the frequent inter- 
change of sun and shower preserves the eai th from the 
extremes of heat and moisture, very little dew is needed, 
and but comparatively little is deposited. The regions 
however within the .tropics are deprived of rain for 
months, and this destitution is partially supplied by 
the deu s, wbicii preciselt/ at these seasons are most 
abundant. 

273. The lake and the river are not visited by dew, 
for no frjrm of vegetation exists within them tiiat iieeTia 
its presence. To the naked rock it comts but in scanty 
measure; for there is nothing here to nomish— save, 
perhaps, the thorny cactus, which, hom its very form and 



What facts are explained upon the fofegolng prindple*? 
What does the distribution of dew exemplify ) 
Give the various illustrations. 
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nature, is adapted to its situation ; and tlioui^h spring- 
ing from the cleft of a rock beneath a tropic 3un, oi 
ptriking its roots in the sands of the desert, is capable 
of deriving" from the air an adequate supj3l\ of moisture. 

274. Upon the fohage of tlie grove very little dew is 
deposited, in ron-e<|vience of the inclined position of the 
leaves, tlieir frequent motion, and (he shelter f!icy 
atlbrd each other. Nor is it needed ; for the natural 
supply of moisture rises deep fit^ui the soil through the 
parent trunk, dilfu^^^inf::- itself throughout every branch 
to the remotest extrcnuty of the slenderest houi> h. 

275. The dew, however, blesses, in all its invigorating 
exuberance, the humble plant and teuder herbage, a 
vast class of vegetable life, at once the most perishable 
and the most useful ; it is the first of all to feel the etiects 
of drought, and yet it is that which is necessary to the 
very existence of man. From the field, not from the 
forest, comes our support ; and the failure of a single 
plaat| the grass or the bladed graia^ may bring upon a 
nation scarcity and &mine. 



CHAPTER V. 

OF HOAR-F&OST AND 8N0W. 

276. Hoar-Frost. Hoar-frost is produced in the 
eame manner as dew. Late in the spring, and early in 
the fall, the surface of the earth, during serene nights, 
sinks in tempet ature below the freezing point, while the 
atmosphere, a few feet above^ is higher by several 
decrees. 

The moisture which is then deposited becomes con* 
gealed in sparkling crystals ; and the stems of plants 
and the branches of low shrubs are often adornea with 
fringes, formed of the most beautiful and delicate crys* 
tallizations. 



What is the subject of chapter fifth 1 
How is hoar-frcMt produced t 
Pescribe its appemanoe. 
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277. A species of hoar-frost occurs when a warm 
south wind succeeds a continuance of cold weather. 
Stone columns and buildings are- then covered with 
a snowy incrustation, composed of an assemblage of 
minute crystals, caused by the influence of the low 
temperature of the ston^ upon the condensed vapor of 
the air. 

The effect of a cold body upon moist air is well shown . 
by the following facts related by Ballantyae, who resided 
fur two years at York Factory, in the vicinity of Hud- 
son's Bay. After narrating the adventures of a hunting 
ppeditioQ in the depth of winter, he thus describes aa 
incident that occurred upon the return of himself and 
his companions to their dwelling. It was curious to 
observe the change that took place in the appearance of 
our guns after we entered the warm room. The barrels 
and every bit of metal upon them instantly became 
white, like ground glass. This phenomenon was caused 
by the condensation and freezing of the moist atmos- 
phere of the room upon the cold iron. Any piece of 
metal, when brought suddenly out of such intense cold 
into a warm room, will in this way become covered with 
a pure white coating of hoar-frost. It does not remain 
. long in this state, however, as the warmth of the room 
soon heats the metal and melts the ice. Thus, in about 
ten minutes our guns assumed three difierent appear- 
ances. AVhen we entered the house they were clean, 
polished, cind dry ; in li\ c minutes they weic as white as 
snow, aiid in five more were dripping wet" 

278. Every thing that prevents the rcudatioti of heat^ 
arrests the formation of hoar-frost. During the chilly 
nights of spring, plants that are sheltered by trees are 
le.ss liable to be hozen than those which are fully ex- 
posed ; and a slight covering of stuiw, or even of paper, 
will often afford an ellectual protection. Vineyards 
have frequently been saved from the effects of frost, by 
envelopiug them during the night in a cloud of smoke. 



Whut cfToct is caused by a warm south wind, after a period <tf cold we» 
ther 7 Rt'hite the facts related by Ballaniyne. 
What arrc8l8 the lormalioo of hoar-frost 1 
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279. The effect of a screen in checking radiatioQ| 
and thus preventing fro&t, has been finely illustrated by 
the experiments of David Scott, of India. Throughout 
the whole region of Upper India, ice is artificially pro< 
cured by placing upon a layer of dry straw, in the 
bottom of small pits, and fully exposed to the clear sky,* 
broad, shallow earthen pans, filled with water. Such 
is the radiation during the night, that a thin crust of ice 
will taometimes form upon the water, when the tempera- 
ture of the air on a level with the pits is as high as 
41^ Fah. 

On one occasion, Mr. Scott extended a muslin turban 

across a pit, three feet above the pans. No ice was 
formed in the vessels immediately under it ; but, in sev- 
eral that were partially covered, ice appeared upon the 
part of the water beyond the shelter of the muslin ; 
while the surface beneath the turban remained in a fluid 
state. Two strings, crossing each other at a lower 
height above a pan, under favorable circumstancesi 
divided the ice into four quarters, the water bemaih the 
strings continuing unfrozen* 

SNOW. 

280. Snow is the frozen moisture t/tai descends from 
the atmosjihere when the temperature of the air at the 
surface of the earth is near or below the freezing point, 

281. SNow-FXiAKB. At moderate heights, and in the 
temperate regions, snow commonly falls after several 
days of severe frost when the weather has moderated. 
The largest flakes occur when the air abounds with 
vapor and the temperature. is about 32^ Fah.; but as 
the moisture diminishes, and the cold increases, the 
MDOw becomes finer. 

In the former case, it is not unusual to observe 
flakes an inch in dia/neter ; and in the latter, they only 
measure a few hundredths of an inch. 



Illustrate the influence of e screen, by the experiments of Soott. 

Define mow. When does it usually fall 1 

LTriiier what circumstances do the largest flnkcs occur*? 

Under what circumstances do tiie smallest % How large sre they 1 
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At Bossekop a fall of snow occurred when the ihernno* 
. meter stood at 10^ Fab., and the diameter ol the flakes 
then scarcely exceeded seven hundredths of an inch. 

The snow-flake is composed of regular crystals, and 
its beautiful flgures and rich diversity of forms iiave 
*ever excited the admiration of observers. In solid ice, 
the crystals are so bleaded together that their symmetry 
is lost in the compact mass ; but in snow, they are per- 
fectly developed, whea the flakes descend througa « 
calm atmosphere. Any agitation of the air, or an in- 
crease of moisture or temperature, destroys their deU 
cate stiuctare. 

If the crystals of snow were solid, they would be 
transparent,' like other crystallized bodies; but thejf 
contain air, and to this circumstance is attributed then 
brilliant whiteness; for the air preventing the ready 
transmission of light through the snow-flake, the ravs 
. are copiously reflected from the assemblage of crystals 

The bulk of snow which has just fallen is ten or 
twelve times greater than that of tm water obtained by 
melting it. 

282. Though single crystals always unite at anglea 
of 30^ 60*^, or 120% they nevertheless form, by their 
difierent modes of union, several hundred distinct 
varieties* 

Scoresby, a celebrated Arctic navigator, has enu- 
merated six hundred, and delineated ninety-six; and 
Kaemtz has observed twenty more, not figured by 
Scoresby. 

2S3. vSnow-Cryst.at.s. AUhon<^h the varieties are 
so nunierous, they are ail comprised under five principal 
classes. 

1st. Crystals in the form of (hln plates; they are 
generally very thin, trant^parent, and of a delicate 



How small are they 1 

Of what is the snow-flnko composed? 

ITow i.s the whiteness of snow caused 1 

What is said of the bulk of snow'? 

Stale the number of varieties of snow-cr>'Stals. 

In how many £la^s are they cuuipriiied i Describe iheuu 
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Rlniotttre. Thk class iodudes many remarkable vari- 
eties, which are represented by the first twenty-five 
figures of the annexed cuts, (15., 16.) 

2d. Flakes either possessing a spherical nucleus^ or 
a flam figure^ studded with needle-shaped crystals, , 
(figure 26.) 

3d. Slender primaHe crystals; usually six-aided^ 
. bat sometimes navin? only three »ides, 

4th. Pyramids with ^li: ; (figure 27.) 

5tb. Prismatic crystals, having, perpendicular to their 
length, both at the extremities and in the middle^ thin^ 
six-sided plates ; (figures 28., 29. and 30.) The last 
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Fig. 16. 
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two classes are extremely rare, Scoresby having ob- 
served the fourth but once^ and the ffth only twice^ ia 
all his voyages. 

Flakes belonging to two consecutive falls of snow, 
possess dilFerent figures ; but those which descend 
during the same storm, are usually alike in this par 
ticular. 

2S4. Natural Snow-Balls. Balls of snow are 
sometimes formed by the action of a high wind upon 
ligiit snow. Prof. Cleaveland, of Brunswick, in Maine, 
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oosei ved, on the first of April, 1815, a great number of 
Bnow-balls scattered over the fields, vary in of from one 
to fifteen inches in dianit'ter. They hud eviilciuly l^een 
caused by the wind rolling- up the snow, as the track of 
the balls was distinctly visible. In 1S30, similar balls 
were seen by Mr. Sheriff, in East Lothian, scattered 
over a vvuIh extent ; some of the masses being eighteen 
iuches in diameter. 

285. But the most remarkable exhibition of this kind 
was beheld by Mr. Clarke, of Morris county, New Jer- 
sey, in January, 1S08. A crust having formed tipon 
the snow that iiad previously fallen, a light snow soon 
after occurred, covering the glassy surface to the depth 
ut three-quarters of an inch ; the sky then sudclcuiy be- 
came serene, and a high wind arose. Beneath the force 
of the gale, small portions of snow would slide along for 
the distance of ten or twelve inches, when they would 
begin to revolve, rapidly increasing both in length and 
diameter. Where the descent of the ground favored 
their formation, masiies rolled up to ihe size of a barrel^ 
and, as far as the eye could see, the daz^ing surface 
was covered with balls and cyHnders of snow ; varying 
in magnitude from ten inches to three feet in diameter. 
Upon examination they were found to be hollow at each 
end, ahnosl to the centre, and as round as if they had 
been so many logs of wood turned in a lathe. The 
cylinders covered nearly 400 cures, and their number 
was judged to be nearly 40,000. 

286. Red Snow. In 1819, Capt. Ross bebehl snow 
of a brilliant crimson hue, clothing the sides of the 
niouatains at Ballui's Bay; risinir, a((ot(lif}tr to his re- 
port, to the height of .^ey67'aZ/t/«/4^ye{^ ^^e^, and extending 
to tlie distance of cis^/it miles. 

Snow of this tint is not, however, confined to the 
Arctic regions. Raymond had previously observed it in 
the Pyrenees. In 1818, vast masses were spread ovei 
the Italian Alps and Apennines, and five .years before^ 
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the whole range of the last-mentioned chain was covered 
with rose-coiored snow. The same phenomenon was 
seen by Scoresby, Parry and Franklin, in high northern 
latitudes, and the navigators of the southern hemisphere 
have found red snow in great quantities at New Sbet* 
land, 629 S. Lat. 

287. In snows of great dejpth, the accounts differ in 
regard to the thickness of the colored stratum. Ross 
conjectured, that, in the Arctic mountains, the crimson 
hue penetrated to the depth of several feet below the 
surface ; while others could not detect its existence be- 
yond one or two inches. 

Among the Alps, the red snow is usually discovered 
in little sheltered hollows, in layers not exceeding two 
or three inches in thickness : though these are some- 
times situated far beneath the general surface of the 
snow. 

288. Green Snow. When the French motenrula- 
gistSj Ma If ill and Bravais, traversed a tiekl of snow at 
Spitzbergeii, in 1838, it appealed of n green huey wher- 
ever it was pressed hy the foot. Tiie coloring matter 
6'eeni(ui to reside just below the surface^ which was brii- 
lianiiy white. 

Upon aiiotlier excnrsiotij the first obseiTer beheld the 
green parfirle^ ^'[irertd like dust over the snow, wfiieh 
was also tinted gieeu beueatii tiie surface, and upon the 
sides of the field. 

289. Cause. These singular hues are produced by 
the presence of an infinite number of a certain class of 
microscopic plants, which from their great tenacity of 
life, are ca[)able, not only of existing at a very low 
tempcraturci but even of nourishing with extraorainary . 
vigor. 

These minute vegetable forms are composed of glob- 
ules, which vary in diameter from one-thousandth of an 
inch to one ikcee-thousandth. Each globule is divided 
into seven or eight cells, filled with a liquid, in which 
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live a great n imber of animalcules. The ceils are gen- 
erally red, whirfi is supposed to be their original color, 
the green tint being probably acquired by exposure to 
the air and light. 

These exhTiotcluKuy hues may, therefore, be regarded 
as originating in the same plant, in diifeient stages of 
development. • 

290. Uses of Snow. Sqqw subserves irmny Impor- 
tant purposes. Gathered in exibaustless stores upon the 
high mountaii^s of the globe, it feeds, as it gradually 
melts heueaih the l^eat of summer, thousatfds of riversL 
which, flowing on from clime to clime, enrich the soli 
and crown the land with plenty. 

The snow-capped mountains are the natural refri^r- 
ators of the glowing^ regions that lie within the tropics ; 
cooling the winds that pass over them, and mitigating 
the fierce temperature of the atmosphere. 

In the higher latitudes, where the winters are severe, 
the snow forms a warm covering for the soil, and de< 
fends vegetation from the rigors of the frost It is well 
known, that grain, during an open winter, is frequently 
destroyed by the cold ; and, in the mild climate of Eng- 
land, Alpine plants have perished, in consequence of 
being deprived of their natural covering of snow. 

During the long niglit of the polar climes, the inten- 
sity of the darkness is diminished by the presence of the 
mow ; inasmuch as it reflects^ instead oi absorbings like 
the bare ground, the faint light that there proceeds from 
the sky.^ Nor is it to be forgotten, that, in these incle- 
ment regions, the wretched natives would be unsheltered 
during the winter, were it not for the snow \ since this, 
when cut into Irfocks, supplies the Esquimaux with the 
means of constructing their huts. 
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CHAPTi:ii VI 
OF RAIL. 

291. Hail. T%e ice that descends in showers, and 
usually in summery is eaUed hail. It is different from 
sleety which is nothing more than frozen rain^ and oc- 
curs only in cold weather. 

292. Structure. Hailstones are generally fear' 
shapedy and if they are divided Uiroagh the centre, they 
are found to be composed of alternate layers of ice anil 
snow, around a white, snowy nucleus, resembling the 
coats of an onion. Tne surmce is rough, and is some- 
times studded with icicles. 

293. Size. Hail varies in size, from stones as small 
as a pea to those which are several inches in circumfer- 
ence. BenveniUo Cellini relates in his memoirs, that 
during his jouriiey from Italy to I'lauce, lie was over- 
taken by a terrible storm in the vicinity of Lyons ; hail- 
stones falling of the size of lemons^ and with sufficient 
force to kill even men and cattle. 

At Uoncctivalles, in Aujrust, 1813, there fell upon a 
division of the British aiiny a storm of hail, in which 
the sioncs ranged in size from a bean to a Jieu's egg. 
The tin camp-kettles of the suldieis were indented by 
the masses of ice, some of u liicii were round, and ai:med 
with icicles thicc inclics in leno'th. 

In May, 1847, hailstones of iinniense size descended 
near the town of McDonou<^h, in Gcuigia ; one of them 
was measured an hour after it fell and found to be ten 
inches in circumference. During a icnific storm, that 
occurred at Cazorta,* in Spain, on the liUh of Juno, 
1829, the roofs of the houses were broken lu by the liail. 
Some of the stones are stated to have weighed nearly 
four pounds and a half. It is probable that such extra- 
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ordinary masses as those which have been mentioned, 
are formed by the union of several haikiones frozen to- 
gether. 

OEOGJULPHICAL DlfiT&XBUTIOir. 

294 Hailstorins are most frequeni in the temperaie 
dimeSf and fore/y occur within the tropica, except in 
the vicinity of mountains whoee Bummits tower above 
the limit of perpetual frost Although no means 
commoni the^ are not unknown in the high northern 
latitudes. Simpson, on the 12th of August^ 1839, was 
exposed in the straits of Boothia, in 68° 32' N. Lat, to 
a tremendous thunder-storm, accompanied with torrents 
of rain and heavy showers of Aatl. 

It is mostly in summer^ and usually at the hottest part 
of the day, that haU is observed to falL Scarcely any 
occurs in the night 

ORIGIN. 

295. The structure of the hailstone shows that it is 
not formed at once; for the concentric layers around 
the snowy nucleus, consist of different accessions of 
moisture, successively condensed and congealed upon 
the surface of the stone. 

The light, jiorous texture of the snowy centra seems 
to indicate, that the place of origin must be some region 
in the atmosphere where the air is rare, and the cold in^ 
tense ; since the appearance of the centre is similar to 
that presented by a drop of water, when frozen under 
the exhausted receiver of an air-pump. 

296. It is necessary then for the production of hail, 
that a w&rm, humid body of air should mingle with 
another so extremely cold, that their temperature, after 
uniting, shall be below the freezing point. This com- 
bination must ako take place during the warmest period 
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of the year and the day. In accounting for an intense 
degree of cold under such circumstanrp?;, consists the 
great diiiiculty of explaining tiie phenumena of hail- 
storms. 

297. Until within a few years, almost every meteor- 
ologist attributed the cold of hailstorms to the ageiicy 
o/" electricity. It is well known that air. when electri- 
tied, is expanded, and that expansion pioduces cold. It 
was therefore imagined, that the electrified state of the 
atmosphere before a slunu, cLiu.sed such a reduction of 
temperature as to freeze the failing moisture and pro^ 
duce hail. 

Volta, a distinguished philosopher of France, sup- 
posed the cold to be the result of evaporation^ but em- 
ployed electricity in a singular manner, as explained 
below. 

298. Yolta's Theory. According to this theory, 
two clouds, diflferently electrified, are supposed to extend 
through the ekjr, one directly above the other. The cold, 
caused by evaporation from the upper surface of the 
lower dood, is considered to be so intense, that the vapor 
is frozen, and the nucleus of the hailstone then formed. 
Its size is afterwards increased by the humicjity it gathers 
in vibrating backwards and forwafds between the two 
clouds, like the dancing figures upon electrical plates. 
(C. 969.) At last it becomes so large, as to break through 
the lower cloud, and fall to the earth. 

299. The sanction of a great name gave weight to 
this fanciful view, and in 1821, throughout the southern 
districts of France, which are |>eculiarly liable to hail 
storms, hail-rods were erected, in order to draw the 
electricity from the clouds, and thus protect the vine- 
yards. Their efiicacy, however, is exceedingly question- 
able. 

The electric hypothesis is, moreover, at variance with 
facts. The forests, which constitute a vast assemblage 
of hail-rods, are often ravaged by hail \ and in the tor* 
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rid zone, where the development of atmospherical elec- 
tricity is greatest) hailstorms are almost unknown. 

300. Olmsticd's Til EUR y. Prof Olinsled, of Yale 
College, considers electricity as an effect^ and not the 
cause of liailstorras. According to his tlieory, wliich 
has been \^ery extensively received, the cold body of air 
derives its low temperature, not from electricity, but from 
some known source of cold ; and the combination, which 
occa5:ions tlie hail, may arise in various ways, the pria- 
cipal of which appear to be the following. 

301. First. An exceedingly cold wind, coining fnnn 
a region fear qbove the Umii of perpetual frosty may 
Met wiik a ciirrent of warm air, hlomngfram a point 
many thousand feet Mow this limit 

Secondly. By the force of whirlwinds, large nolumeo 
of warm air from the surface of the earth may he sud* 
4enly transported into the higher and colder regions of 
Ihs atmosphere. 

Thirdly. I/i the vicinity of lofty mountains, cold 
blasts are frequently knoum to sweep down iheir sides 
from the snowy peaks and glaciers^ and mingle with 
the warm atmosphere of the vales. 

Each of these methods we will discuss separately. 

302. Curve op Perpetual Congelation. In Art 
^3, we have seen that a point can be reached in every 
latitude, where moisture, once frozeiii always remahae 
80. An imaginary line passing thvo^^h these points, 
and extending from pole to pole, forms what m termed 
the eiffve ofpernetual cdngekUimf which poMCbm the 
peculiar ^ure shown in the annexed cut 
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fig. 17. 
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303. The heights of the curve from the surface of tiie 
globe \^aiy but little from the equator to Lat. 30°; but 
from 30^ to 60° the change is very great, and the line 
rapidly approaches the earth. 

The difference iu tlie height of the points of congela- 
tion, for every live degrees of. latitude, is presented in thd 
following table : 

Lat. MAranMaf litiglitivftit. 

0° to 5° • 122 

5° to 10° * 388 

, 10^ to 15°. 669 

15 Mo 20° 779 

20° to 25° 689 

25^ to 30° 1,438 

30° to 35° • 928 

•35° to 40<^ 1,648 

40° to 46<^ 1,358 

45<* to 60^ 1,398 * 

. 60<> to 55<> 1,348 

65« to 60^ 1,228 

60^ to 65<> - . 1,168 

66<^ to rO^ 959 

TOO to 760 809 

760 to 80<^ 528 

304. Action of Opposite Currents. TVe are now 
to imagine, for the sake of illustration, that a north 

D««cifb9 itt oeeullailtiei. 
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wind, originating in 50° N. Lat., moves horizontally at 
the rate of mxty miles per ho7ir, at an altitude of ten 
thousand feet ; while a south wind blows simultaneous- 
ly from 30° N. Lat. with the like velocity, and at the 

same height. 

If they are upon the same meridian, they will meet 
in ten hours at. 40° N. Lat., and since the first wind 
commences its course at M, three iltousand feet above 
tlin hniit of constant frost, it will be extremely cold; 
while the south wind will be comparatively warm^ a? it 
proceeds from a ree^ion. N, two thousand feet below the 
boundary of perpetual congelation. 

By the union of air, thus widely differing in temper- 
ature, the inherent atmospheric vapor is both condensed 
and frozen, and the central portion of tiie hailstone 
formed, which, in its descent to the earth, is gradually 
enlarged by constant accretions of ^ozen moisUire. 

305. The prevalence of such opposite currents as 
have just been supposed) has already been shown (Art. 
222) ; and it is by no means improbable that, in their 
ceaseless circuits, there are times in which they encoun- 
ter each other* It may be asked, how can the different 
winds preserve their respective temperatures, in traversing 
a distance of ten degrees? To this it is answered, ^Ao^ a 
fimd in motion can pass through a fluid of the same 
kind in repose, afid differing in respect to heat, vnthmU 
suddenly changing its ou>n temperature. The waters 
of the Gulf-stream, flowing through the North Atlantic 
from the torrid zone, are warmer than the ocean, even 
in the l^^titude of Newfoundland. 

306. The occurrence of hailstorms, under these cir- 
cumstances, substantially agrees with focts. It will be 
seen, by referring to the figure, that the mingling of 
oppc^ite winds, at a lofty elevation, in the tropics^ G, 0*, 
woidd occasion nothing but a combination oi toarmcut* 
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rents, and in the finlar dimes of cold currents^ A, A'l 
in neither case could hail be the result of the union. 

In the temperate res^ion^, the admixture of warm and 
intensely cold currents can only be found, and precisely 
within these limits hailstorms are most prevalent. 

Their frequency in summer is attributed to the cir- 
cumstance, that the opposing winds are then most 
easily set in motion by the increased energy ^ the solar 
rayr?. 

307. The space ravaged by hailstorms, often Indicatdfii 
the presence of aerial currents, thp devastations being 
frequently confined to a long and narrmo strip of coun- 
Xty. Sometimes the stor^ proceeds in two parallel 
tracks, leaving the intervening region entirely unin- 
jured. 

Thus a hailstorm once commenced in the south of 
France In the morning, and in a few hours reached Hol- 
land. The places d^dated formed two parallel paths 
from S. W. to N. E. ; the length of one was 435 miles ; 
and that of the other 497 miles. The average width of 
the eastern track was five miles, and that of the western 
ten ; and upon the space comprised between them, which 
was twelve miles and a half in breadth, no hail fell, but 
only a heavy rain. 

308. Action of Whirlwinds. It has been stated, 
(Art. 132,) that whirlwinds are not always vertical, but 
irequently inclined towards the earth. In consequence 
of this position, the gyratory motion of the whirl (if its 
diameter is considerable) will, donbtles«, ofien cany up 
hot and humid air from tfie snrface of the earth into 
the hig-her regions of the atmosphere, brini^ing- down in 
return larg-e volumes of cold air from the upper strata ; 
thus causing such a comhination as result^ in the pro- 
duction of hail. This action will he more extensive and 
energetic if, as some suppose, whirlwinds at times exist 
whose axes parallel to the horizon. 

309. It must also be remembered, that in the vortex 
of the whirlwind the air is rarefiedj and into this partial 
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void the cold air from above will descend, by reason of 
its superior weight; while below, on account of tiie 
pressure of the surroundinq" atmospheie, warm currents' 
will stream uoder the base into the vortex. Here, then, 
may evidently occur a union of hot and cold air, difier^ 
in^r so greatly in temperature that the coadexwed moist- 
ure will freeze into hail. 

The cold, arising from the rarefaction of the air in the 
centre of the whirlwind, also contributes to the format 
tion of hail. 

310. Inflvbncb of Hioh Mountains. Inthe yicId^ 
ity of those lofty mountains, whose peaks are always 
covered with ice and snow, destructive hailstonns fre- 
quently occur. The south of .France, which lies be- 
tween the AlfMi and Pipenees, is annually ravaged by 
hail ; so great is the ruin to the productions of the soil, 
and especially the vineyards, that the yearly loss to the 
national revenue was estimated, by the Linnean Society 
of Paris, at fifty millions of francs, or nine mUlums three 
hundred and seneniff-five thousand dtjUara, 

In Peru, hail has been seen to fall; and on the 17th 
of August, 1830, it cov^ed the streets of Mexico to the 
depth of several inches. 

311. That such phenomena should arise in these and 
similar localities, is by no means surprising : for cold 
blasts of wind descending from the snowy summits of 
the neio^hboring mountains, and mingling with the warm 
air of the plains, could doubtless occasion these results ; 
and (lie exioteacc of jsucli breezes is fully established. 

31^ Hail in Southern India. Hail sometimes 
occurs within the tropics, even at a distance from those 
mountain-chains that rise above the limit of perpetual 
frost. Thus in India, in 16° 30' N. Lat., during the year 
hailstones fell at Darwar, of the size of pigeons' 
^gs; and in a similar storin, which happened at 
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Ti inconopoly, in 1805, the stones were as large as wal- 
nuts. 

313. In conclusion, we may say in regard to this sub- 
ject, that at present it is not fully iindcistood. ]Much 
valuable inforniatiori has been sfathered, hut hitherto no 
theory has been advanced, which coiDpletely accounts 
for all the facts that aii^e. 
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CHAPTEK L 

OF ATHOSPHEBIO ELE0THI0IT7. ^ 

1)1. Tfk atmosphere is usually electrified. The 
moans employed for collecting its clertricity differ ac- 
cording to the object proposed ; for we may desire to 
conduct onr investifr-ations at one time ia the lower 
regions of the atmosphere, at another in the higher ; or 
the air may be explored to a great distance horizontaUy* 

315 Electrometers. For ascertaining the elec- 
tric state of the atmosphere near the suiface of the earth, 
Yoita'a electrometer is sufficient. An electrometer is an 
instrument which serves to indicate and measure elec« 
tricity. The one just mentioned consists of a glass jar, 
surmounted by a pointed, metallic rod ; and to me lower 
end of the rod, which enters the jar, two fine straws are 
loosely attached. The pointed rod, collecting the elec- 
tricity from the air, the two straws become similarly 
electrified and recede from each other^ (C. 957) ; the 
amount of divergence measuring the mtensity of the 
fluid. 

. 316« Insulated rods of iron are erected for testing 
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the air at greater elevations. By means of its pointed 
siimniit, the entire conductor becomes charged wiih 
atmospheric electricity, the nature of which ia easily 
. determined by the electrometer. 

At the Kew Observatory, near London, the conductor 
is a conical tube of thin copper, raised sixteen feet 
above tiie roof ; to tbe top of tlie tube a lamp is affixed, 
its ascending stream of smoke aud heated air beiiig an 
excellent collector of elert ricitv. 

Where a fixed apparam- is not at hand, observations 
may be made by discharging metallic arrows iato the 
air, in the way hereafter to be described. 

317. Experinif^nts are made in the higiier regions of 
the aimo?phere by the aid of kites and balloons. The 
string of the kite nmst be wound with hue wire, in order 
to convey the electric fluid from the sky; and it must 
also be insulated, by attacliing the lower end either to 
a giiken cord or glass pillar. Small, stationary balloons 
are &<)inetiines employed, the strings of which are 
arranged ajui fastened in the same manner. 

Occasionally meteorologists ascend in balloons for 
the purpose of nmkin^ observations. 

318. The method adopted by Mr. Crosse, of Broom- 
field, near Taunton, for exploring the atmosphere in a 
lioiizonta! direction, is the foHou ing. Upon some of 
the loftiest tjees on his estate, strong poles are firmly 
fastened, and a copper wire extended from tree to tree; 
its length was, originally, a mile and a quarter^ but is 
now al)out 1600 feet. The wire, beinir pt ifectly insu- 
lated, forms a conductor, conveying tiie electricity of 
tiie atmosplit re to the room of the observer; where one 
end of it terminates in an insulated brass ball, near 
which is a receiving ball, connected with the ground. 

• In all apparatus for collect inir atmospherical electri- 
city, the most careful and cert am arrangements should 
be made for conveying harmiessly to the earth any 
excess that may accumulate. 
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By the aid of the instrument? just described, much 
important knowledge has been acquired ux regard U>th,e 
electric coodition ol the atmosphere* 

319. Electric Condition of the Atmosphere* * 
In the ordinary state of the atmosphere, its electricity 
is invariably posUwe; but when the sky is wercasi^ 
aqd tlie clouds are moving in different directions, it is 
subject to great and sudden vanattms ; rapidly chari^^ 
ing from posUive to negative^ and back again, in the 
space of a few minutes. Upon the first ap(>earance of 
fogs^ rain, hail^ snow and sleety the electricity is gen* 
erally negative; it then changes to posUive, gradually 
increasing in strength, and then decreasing in the same 
manner ; the alternations both in the strength and na« , 
ture of the electricity occurring everv three or four 
minutes. Similar changes are observed upon the . ap* 
proach of a thunder-cloud. 

The atmosphere is highly electrical, either when hot 
weather succeeds a series of wet days^ or wet weather 
follows a series of dry days, 

320. Annual Variation in Intensitt. The 
electricity of the atmosphere is strori^-pr in winter tiian 
in sjimmer, and, by comparing observations from month 
to month, a gradual decrease in intensity is perceived 
from January to July, but an increase from July to 
January. During the winter the tieG\x\Q\iy strengthens 
with the csUL 

321. Daily Variation. At sunrise the electricity 
of the air is weak, but as the day advances^ it tncreiwto 
in power, until 6 or 7 c/clock, A* M. in summer, 8 or 9 
ki spring and amumn, and 10 or 12 in winter; it then 
begins to dmimsh^ and by 2 P. M. is hardly stronger 
than at suttrlse. In summer, it continue to decrease 
1^ some time between 4 and 6 P. M., and in winter is 
weakest about 5 P. M* 

After this period the electricity again becomes strong- 



state the facts in regard to the electric condiuou of the atmosphere. 
What ia said respecting the annual variation In intenaitjr % 
What of the 4&ily ndatioiil 
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er, advancing in intensity until about two hours after 
sanset ; when it once more b^na to abate, growing 
more and more feeble until sunrise. 

Thus, during the day, there is a regular £uciuaiioii 
in the strength of the atmospheric electricity ; two peri' 
ods occurring when its vfUensUy is greatest^ and two 
when it is Uast. 

322. Variation in Altitude. The electririty 
of t!ie air increases i?i strength with the altitude. This 
is sliuwn by the fallowing experiment, made by Bequerel 
and Breschet, at the ^monastery upon the Great St. 

Bern a 1(1. 

Having extended upon the ground a |)iece of trummed 
Bilk, ten feet long and seven wide, the expenmentera 
placed upon it an electrometer ; to this they attached 
one end of a silk cord, into which was twisted a fine 
wire, the other end of the cord being fastened to an iron 
arrow. By mean?? of a bow, the arrow was shot upwards 
to the height of 250 feet ; and as in its ascent the elec- 
tricity of the air was gradually collected and conveyed 
aloriLr the wire to the electrometer, the straws of the 
latter were seen to diverge more and more^and'at length 
to strike the sides of the glass jar. 

When the cord was detached, the electricity of the 
straws was discovered to be positive. 

323. In order to determine whether this increased 
divergence was really caused by the superior energy of 
the electricity residing in the higher regions of the atmos< 
phere, the arrow was discharged hSrizoiitally to the 
same distance as before ; but^as it speeded on its course, 
no increased electric action was manifested by the elec- 
trometer. 

324. Experiments for the same purpose were made 
by two celebrated French philosophers. Gay Lussac and 
Biot, during their adriai voyage in 1804 From the car 



"What is said of variation in altitude 7 

Relate the experiment of Bequerel and Breschet. 

Describe that of Gay Lussac and Biot. 

What iofimce ti ibniwn turn both thMe ezpeiimeiitft 

* . 
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df their bailoon was^ suspended a wire 170 feet long, to 
J the lower end of which a inetallic ball was attached ; 

the upper end being connected with an electrometer in 
the car. By means of this apparatas, these observers 
'•vere enabled to note the electrical changes occurring in 
atmosphere at different heights ; and, from their 
I various observations, arrived also at the eoadunon, thcU 

\ «t0 electricity of the atmosphere was pasUive^ and tm- 

frea9ed in strength wUh the aUUude* 

s 

OEIGIN. 

I 325. Evaporation. One of the most abundant 

fources of atmospherical electricity is evap&roHan, It 
was shown by Yolta, whose experiments were confirmed 
by those of Saudsure, that dedridiy was produced when 
water was evaporated. But it appears from the late 
Tesearches of Pouillet, that this is only the case when 
the water is not pure, and ehenucal decompositions 
occur* If distilled water is en^aporated, no electricity is 
developed; but if a little chalk, lime, salt, or other 
foreign matter is dissolved in the water, the rising vapor 
is then positively electrijied^ and the vessel containing 
the fluid negativdy. 

326. No\V the w aters of the earth are generally in 
this latter condition, being seldom pure, and the vapors^ 
which are constantly ascending from the ground, will 
therefore possess positive electricity, and the earth 
negative. 

The briny waves of the ocean also contribute their 
share, and supply the air w ith a great amount of posi- 
tive electricity. ^ 

SST*. 1. lie process of evaporation advances invisibly 
and in silence; and, for this reason, we might easily 
undervalue its agency in accumulating those vast stores 



What is the first source of atmospheric electricity 7 

What ia said in re^d to the experimenu of Yoita, Saussure and Pouil'] 

In consequence of evaporation^ does the air become positively or nc^' 
iively electrified 1 * 
Is the amount of electricity thus developed supposed to be great 1 



9 



Digitized by GoOgle 



136 ELECTRICAL PHENOMENA. 

of electric matter which arm ihe storm with mtch ter- 
rific power. But when we reflect, that midic than ttoo 
hundred millions of hogsheads of water air ( omputed 
to rise daily in vapor from the Mediterraneau, we shall 
find au dilliculty in believing, that this influence is one 
of tlie most energetic causes of atmosphericai eiectiicity. 

328. Condensation. Condensation, or the change 
which wtpar undergoes u^ien n^umiug to a fluid state 
hy a decrease of temperature^ is another fruitful source 
of electricity. This is shown from the great amount 
of electricity occasioned by the condensation of steam^ 
as it issues from the boiler of an engine. 

In one instance, the steam which rushed from the 
safety-valve of an insulated locomotive, t«ras found to 
develop times the amount of electricity produced 
by an electrical machine, having a plate of glasi^ three 
feet m diameter^ and making seventy revolutions in a 
minute. Machines in which the. electricity was gene 
rated by steam, have be^ constructed of such power, 
that a spark twenty 4%do inches long has been obtained 
from the prime conductor, (C. 964,) of sufficient -miergy 
to inflame shavings, 

329. Vegetation. The vegetable kin^om also 
supplies the air with a great amount of elebtricity. 

Plants during the day eixhale oxygen gas ; in the 
night, carbonic acid gas — and from the experiments of 
Pouillet it appears that positive clectricitij rises with the 
latter when the seeds first sprout, leaving the earth in 
which they are placed negatively electrified. The saiiie 
reeulu probably occur during the life of the |)!ant. 

330. Combustion. Oombusl^on is still another 
source of electricity. When any substanco is burning, 
positive electricity escapes from it, while the substance 

What calculation would lead us to this conclusion 1 
What is the second souicel 
What i0 condeoBation 1 

ttow is it shown that condaiMatiOB prodnoea deetridty 7 miutiata. 
What is the third ioiiic^ of atinoiphiBricaleetricity'} fispkiiL . 
What ifl the fourth 1 

DniiBf eombuatioDi doea tha air lecaiva poalciva dectddty or negatlrtl 
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itself is negatively electrified; the atmosphere is there- 
fore the reservoir of alJ the positive electricity originating 
in this manner. 

331. Fbictiow. In accounting for the electricity of 
the atmosphere, the effect of friction is not to be disre- 
garded. If a piece of silk is shaken in the air^ it be- 
comes electrified ; and it is highly probable, that when 
masses of air, moving in contrary directions, encounter 
each other, electricity is developed by the friction of 
their surfaces. Such will be the effect, according to 
Kaemtz, when the masses differ in respect to moisture 
and temperature ; the warmer then becomes positive^ 
dectrifiedf and the colder negatively. 

The action of the wind upon, terrestrial ohjects, as 
rockS) baildings, trees, and hiUs^ may possibly in like 
manner produce electricity* 



CHAPTER IL 

OP raUNDEA-STOBHS. 

332. General Distribution. Thunder-storms 
prevail most in the torrid zomy and decrease in fre^ 
fuency towards either pole. 

During a residence of six years in Greenland, 70° N. 
IjOlUj Gisecke heard the rolling of thunder but once ; 
and) according to the testimony of the arctic navigators, 
Scoresby, Parry and others, thunder-sUHrms rarely occur 
between the 70th and 75th degree of north latitude) 
and never beyond the latter paraUeL As respects time^ 
they are more frequent during the summer m^hs. 



What is the effect of friclUm 7 

If two bodies of air diflflr in toiqvMv^ure, in what manner will the eleo* 
trlelty, developed by thdr IHctlon, be distributed 1 
Whaf may possibly be the eflect of the friction caused by wind 1 
Of what does chapter second treat 1 
How are they distributed In ti^sard to btttude and l£ni«9 



Digitized by Google 



138 ELECTRICAL PHENOMENA, 



The prevaleQce of these laws will be seen from the 
observations contained in the following table. 



Ptaoo. 


Latitude. 


Period of 
C)b:i«rvation. 


No. of dayu of 
thunder in the 
rear. 


No. of dnf» of 
thunder during 0 


Buenos Ayres, 
Rio Janeiro, . 
Calcutta, . . 
Padaa, . . . 
Paris, . . . 
Su Petersburg, 


34° 30' S. 
22° 54' S. 
22^ 30' N. 
45^^ 15' N. 
43° 30 N. 
59° 66' N. 


7 years. 
6 

1 year, 
4 years. 
51 '* 

a 


23 
51 
60 
13 
14 
9 


Mm 

Hi* M 



333. Thunder-storms are most violent within (he • 
torrid 2.one. Here the play of the lightning is inces- 
santf and the crashing bursts of thunder most terrific ; 
and none but those who have actually witnessed a trop* 
ical tempest, can form an idea of Its awfid power. Occa- 
sionally, in the higher latitudes, fierce storms occur, like 
that which was seen by Simpson in the Straits of 
Boothia. (Art 294) 

334. Origin. The thunder-stoi in is produced in the 
s:iine irianiier as the cunimon raiu-^torm ; namely, by 
the condensation ot atmospheric vapor; but it dij/'ers in 
two respects ; Jirst, in the rapidity of tins condensation, 
and secondly, in the accumulcUiou oj electricity/ resulting 
therefrom. 

335. Wo have seen that when vapor is condensed, 
electricity is developed (Art 328) ; the cloud then in the 
very process of formation becomes electrified, and to its 
own electricity is added that whicli collects upon its sur- 
face from the ainiosphere ; wheihe'* derived from evapo- 
ration, combustion, vegetation, friction^ or any otiier 
source. 

This condensation must be copious, or the electricity 
would be weak ^ it must also be rapid^ else il will es- 



Repeat the table. 

Where are thunder-Btonne most violent 1 

How does the thuader>stonn difibr from the common i«in-stonii 9 

Whence to the eteetticity of the thunder-dond derived 1 

Why must the eondeaeation be both copiem and rapid? 
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cape too fast from the cloud, and never collect in sufI-' 
cicnt strength. 

336. Thunder-storms are usually attended by a change 
in the direction of the wind, which accounts for the con- 
densation of atmospheric vapor ; indeed, one of the most 
sublime elements of a storm of this nature, is the conllict 
and raging of opposing currents. 

In the Meteorological Register of Yale College are 
recorded 116 thunder-storms, which occurred between 
1804 and 1823. Of this number, ninety-nine were 
either preceded or followed by an alteration in the direc- 
tion of the wind ; the change in Jlftj/ instances being 
from a south-westerly breeze to a north-westerly. 

Since the air abounds with vapor when its tempera-^ 
ture is high, the condensation will be most copious if * 
a loss of beat then suddenly takes place. We there- 
fore easily perceive the reason, why tounder-storms are 
more frequent in summer than in winter, in low than in 
high latitudes, and their intensity grefitest in the tropio 
climes. 

For the same leascm they happen more frequ«itly 
after mid-day than in the morning. 

337. Electrical State of Thunder-clouds. 
Siiice the air surrounding it is a non-conductor, a single 
thunder-cloud floats in the atmosphere a vast insulated 
conductor (G. 963) ; its electricity being spread oyer 
the surface of the globules of which it is composed, and 
there retained by the pressure of the atmosphere. 

338. Thunder-clouds may be either positively or neg- 
atively electrified ; and the observations of Mr. Crosse 
lead to the conclusion, that at times a cloud of this kind 
is complex J consistinaf of a series of concentric bands or 
zones, alternately positive and negative ; the electricity 
being weakest at the ed^es of the cloud, and strongest 
at tiie centre. 



How is this condensation elToittd ] What fact is stated in proof! 
Explain the cause of tho diiiereaces that exist in the frt^ncy and via 
Unct of thunder-storms. 
What is the eleetiio state of a single thunder-cloud 1 
Stats Mr. GrosM^s ofiinloitf 
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Thus in figure 18., which rep- 
resents a section of such a cloud 
obliquely seen, P P' P , dtc, are 
pasUive zones, N N' N", d^c, 7ieg' 
ative^ and the number of dashes 
show the increase of intensity. 

339. Electric Action of 
Thunder-clouds. The earth 
may be regarded as a reservoir of 
electricity : when, therefore, an 
electrified cloud floats near its sur- 
face, it induces the opposite elec- 
tricity upon the ground immedi- 
ately beneath it. 

The cloud may approach so near, that the mutual at 
traction of the two electricities overcomes the pressure 
of the atmosphere ; a union then occurs, and the light- 
ning, at the same moment, is seen darting between the 
cloud and the earth, and soon after the rolling of tliuu^ 
der is heard. 

340. A similar inductive action arises between the 
clouds themselves ; for. if two clouds differently electri- 
fied approach each other, the electricity upon the iieai'* 
est opposite surfaces aitgments in intensity^ and often 
increases to buch a degree that a discharge takes place, 
the lightning then flashing from cloud to cloud. It may 
sometimes happen, that the path of least resistance will 
not be directly through the air, but from the first cloud 
to the earth, and from the earth to the second cloud, 
and under these ciicumstances the lightning will take 
the latter route. 

341. Return-stroke. When a highly charged 
thunder-cloud approaches the earth, it induces, as al- 
ready stated, the opposite kind of electricity upon the 
ground below, and repels that of the same kind. Should 



Describe the electric action of thunder-cloudt. 
When does a flash occur 7 

What is the influence of one cloud upon another ? 
Why does the Ugfatninff itt piMing ftmn dond to ckfud nKnetliiiei laki 
the earth In its oounel What le the letum-rtrakel. 
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the cloud be extended, and come within striking disf- 
lance, either of tlie earth or of another cloud, a flash at 
one extremity is often followed by a flash at the other. 
This is called the refMrn-stroke, which sometimes oc- 
curs with such violence as to destroy life, even at the 
distance of several iniles from the place of the Jirst dis- 
charge. The mode of action may be explained by 
means of the following figure. 



FIff.19. 




342. l^et D B represent a thunder-cloud, positivelT/ 
electrified, and within st?'iking distance of the tree A ; 
the cloud, at D, being near the summit of the hill, C. 
By the inductive action of the cloud, the positive elec- 
tricity will be repelled from the tree. A, and the sum- 
mit, C : and both will be highly charged with negative 
electricity, just before the flash occurs. The moment 
this happens at B, the cloud becomes unelectrified^ its 
inductive action upon C suddenly ceases, the positive 
electricity^ which had been repelled, instantaneously 
returns, and, uniting with the negative electricity at C, 
produces an explosion. If, at this time, a person should, 
unfortunately, be standing upon the top of the hill, his 
death mignt ensue. 

343. In this manner the following singular facts have 



How is it caused ? 

Illustrate from the figure. 

Relate the instances given in Art. 34?. 
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been ^plained, which happened on the 10th of July, 
1785) in the vicinity of Coldstream, in Berwickshire. 
After a fine morning, clouds were seen in Uie north- 
west by the observer Brydone, at about eleven o'clock. 
Between twelve and one o'clock, the stonn being still 
distant, lightnings were seen darting from cloud to 
cloud, followed by thunders. Immediately after, Bry- 
done was startled by several bud explosions near his 
house, Hke the reports of a gun. At this moment two 
carts loaded with coals were passing by. The driver 
and horses of the first were instantly killed, and the coal 
scattered in all directions, while the driver of the second 
wagon, which was about twenty yards behind, neither 
perceived any lightning nor experienced ai)y shock. 
Upon examination, the hair on the legs and bellies of 
the horses was found to be singed, and where the wheels 
rested at the time of the explosions, the tire was melted, 
and two round holes were discovered in the ground. A 
quarter of an hour before this event, and at a spot nearly 
a mile and three-quarters distant^ a shepherd of the 
name of Bell perceived a lamb suddenly fall, while a 
flame passed before his face. Upon raising the lamb 
he found it to be dead. A woman, who was cutting 
grass upon the bank of the Tweed, felt a violent shock 
upon tne soles of her feet, and was thrown to the 
ground. * 

During a storm which happened near Manchester, in 
June, 1835, loud discharges were heard at different 
points of a road, like the reports of a pistol, and electric 
flashes distinctly seen; a person is said to have been 
killed at this time, by an explosion under his right foot 

344. Hkight OF Thunder-Storms. Though thun- 
der-storms pt< vail in the lower regions of the atmos- 
phere, tliey have often been seen at a very great alti- 
tude. A storm, observed by Kaemtz, amid the moun- 
tains of S\\itzerlaiid, rose to the heii^^ht of more than 
10.000 feet, and the dwellers in the vale of Chamouni 
assured hiin, that storms frequently swept over the 



What li baU mpectfiig the height of thunder*stoniu1 
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summit of Mont Blanc. On the peaks of the Cordille- 
ras, a violent thunder-storm was encountered by La 
Oondamine and Boguer, at an elevation of even 16,000 
feet Titrified rocks have at times been discovered at 
lofty heights, and as this change is supposed by some to 
have been effected by lightning, they have sought to 
determine the altitude of thunder-storms from facts of 
this kind. The reasoning, however, is inconclusive, for 
these vitrifications may be owing lo other causes, and 
were we even to grant that they are produced by light- 
ning, the case is by no means proved ; since a nash 
sometimes passes between the dauds Sind the earihf • 
when the farmer axe behw the point that b struck. 

Thus, on the first of May, 1800) a church situated 
on Mount St. Ursula, a lofty peak inStyria, was struck ; 
and seven persons were kUled by a flash of lightning 
darting upwards from a thunder-storm below. 

345. From the observations of Peytier and Hossard 
among the Pyrenees, it appears, that the upper and 
lower surfaces of thunder-clouds bear no resemblance 
to each other, for while the latter are perfectly levels the 
former are 5roA;en and jiiteven, presenting the appearance 
of mountains and ridges ; whence, during seasons of great 
heat, lofty peaks and pinnacles of clouds shoot far up 
into the sky* 

LiaHTXfiNa. 

346. Origin. When a portion of air is subjected to 
a very sudden and powerful compression^ a spark Is 
elicited (Art 551) : that electricity produces such a com* 
pression can be proved by experiment, and to the ener- 
getic condensation of the aimosphere before the electric 
Buid, in its rapid progress from point to point, is at- 
tributed the vivid flashes that illumine the stormy sky. 

347. Kinds. Lightning has been divided by Arago 
into three kmds^ principally distinguished by their form^ 



What did Pejrtier and HoMard observe) 

What la the cause of lightning t - 

Into how xoKOf kinds has it been divided by Aiago 1 
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VIZ., zigzag-lightnings sheet4ightning\ and baU-light 
ning. ' 

348. Zigzag-Lightning. This kind is so called 
from the peculiarity of its figure, which is thus explain- 
ed. As the electricity passes thiough the atmosplicre^ 
the air is supposed, at length, to be so poweilully com- 
pressed hefore it, that a great resistance is presented, 
and the electric fluid then linds an easier route in some 
other direcl ion. In this it proceeds, untilit once more 
meets with a like opposition, and is compelled a Grain to 
change its course ; and tlms it continues glancing from 
side to side, until at last it reaches the place it seeks. 

Zigzag-lightning appears as a narrow, jagged Hue of 
intensely vivid light, traversinir sjiace with extreme 
velocity. On account of the unequal conducting power 
of different portions of the atmosphere, the flash some- 
times divides, branching out in several diiferent direc- 
tions ; the iightnini^ then said to be forked, A divi- 
sion into three disrinct hncs is of rare occurrence; but 
even more have been seen, for Kaemtz beheld, at Halle, 
in June, 1834, a flash of lightning which threw out nur * 
merous branches at the sides '; th^ whole preseoLiu^ the 
figure of a spine, with it? supporting ribs. 

It is said tliat zigzag-lightnings usually pass between 
the clouds aod the earthy seldom Hashing liom cloud to 
cloud. 

349. SiTEET-iiiGHTNiNG. This kind is the most 
common^ and appears during a storm as a diffuse glow 
of light, illuminating the edges of the clouds ; and at 
times breaking out from the central mass. When it 
occurs, the clouds are said to open. The flashes of 
sheet-lightaing often follow each other in rapid succes- 
sion, for the space of many hours ; their intensity is bjr 
no means great, and the thunder which attends them is 
low and distant* 

3SQ. Ball^Liohtning* Ligblning of Uiis dass it 



What are they 1 

To what ia tha peculiar figure of sig»ig4ightning owiqgl 
What ia ita appearance 1 

l>eaiisib9tluU4ighiiUng, Deaciibe 5aK-%&liMiV 
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extremely rare, and so singular are its attendant phe- 
nomena, that we niitrht well doubt itssi existence, wero 
not tiie uisiances of its occurrence fully aiuheiii icuied. 
In a storm that happened at Steeple Aston, AV^iltsliiro, 
in 1772, the Rev. Messrs. Pitcairue and Wainhouse, 
while in the vestry of the church, saw suddenly bel'ore 
them, at the distance of a foot, and at about tiieir own 
Leiglit from tlie tloor, a ball of fire, nearly the siz^^ o f a 
matins Jlst^ surrounded by a black smoke. It burst w ith 
an explosion like the discliargc of several cann in 
Pitcairne was dangerou^^ly wounded, and his person and 
clothes showed the usual marks of lightning. 

Durinir a thunder-sLorui that occurred in 1809, at 
Newcastle on Tyne, the house of David Sutton \\as 
struck : the lightning descending the chimney. After 
the explosion, several persons who were assemblt d in a 
room, saw at the door a globe of fire, which, after le- 
mairnng stationary for some time, advanced into the 
middle of the room, where it burst into fragments^ with 
a report like a rocket. 

* 351. On the iViin tli of November, 1749, in 42 4S' N. 
Lat., 2 VV. Luiii^., the crew of tlie ship Montasfue lie- 
held, a little before noon, and beneath an unclouded 
sky, a frlobe of bluish fire, like a iiiillstone,vo\^x\g rapidly 
upon llie sea. At a slioiL distance from the vessel, it 
rose perpendicularly from the water, and struck the 
masts with an explosion louder than the di?ciiaro-e of a 
hundred camion. Five sailors were tlirown senseless 
upon the deck, one of whoni w as severely burned. 

In the midst of a storm in Scotland, two globes of 
fire, connected toirether like chained cannon-shot, were 
seen by a Mr. Lumsden, passing through the sky 
revolving one about the other, and striking at last upon 
the summit of a hill. Philosophers have not yet been 
•inahled to account for lightning of this description: it 
^as, however, been supposed to arise from an uninlu' 
mitted discharge of electricity. 

352. 1Ii:at-Lightning. It not unfrequently hap- 

Relate instances. How is ball-liglitiiiog supposed lo Mim % 
Wlut ii heat-lightning? 
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pens, daring^ the serene evenings of Bammer, thai the 
norizon is illumined for many hours with successive 
Jlashes of U^ht^ unattended with thunder. This is called 
heeU4ig/Umtiff^ and has much perplexed meteorologists. 
It is affirmed by some, that this illumination is the 
reflection from the atmosphere of the lightnings of re- 
mote storms ; the storms themselves being so iar dis* 
tant,. that their thunders cannot be heard. Others assert, 
that during warm, sultry weather, when the air is highly 
rarefied, its pressure upon the clouds is so much dimin- 
ished, that the electric fluid can never accumulate upon 
their sur&ce beyond a certain point, when it escapes 
in noiseless flashes to the earth. 

353. Multiplied observations have proved, that heat* 
lightning generally originates in tlie first-mentioned 
cause; but the instances are by no* means rare, when 
silent flashes of electric light play between the earth 
fmd the clouds. These 'cases occur when the weather 
is suUry^ the air being then both rarefied and moist ; 
two conditions which tessen its non-condudting power; 
the atmosphero thus becomes an imperfect conductor 
between the clouds and the earth, which are in opposite 
electrical states, and opposes just sufficient resistance to 
the passage of the electric fluid as to render it visible. 

354. Velocity op Lightning. By a veij ingeniong 
piece of apparatus, Prof. Wheatstone, of King's Col- 
lege, Londun, has been enabled to show that the dura- 
tion of a flash of lightniii<^ is le?s than the iJLoa^andth 
'part of a second., and Ai ago has deiiioa>itiated that it 
dues not exceed tlie miUio?iih part. 

Now the duration of a flash, is the tlmr it ^ccupie^t in 
traversing the space between two clouds, or between a 
cloud and the earth ; if we then estimate thi.^ distance 
to be et^ual sometimes to a quarter of a mile, which is 
a low computalion, the velocity ol li^iiLaiii^-, in such 
cases, according to Ai ag^o, could not he less than :J5U UUO 
miles per second. The elecliicity developed by the 
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electrical machine, has been shown by anothe* beau- 
tiful coMtnvajice ot Prof. Wheatstoiie, to poasess a speed 
of 288 0( Hi iiiiies per second : the rapidity of lightning is 
probahly not less. 

The preceding remarks apply only to lightningfs of the 
first and second class. Ball-lightnings, on the contiary, 
often move jslowly^ and are visible for many seconds. 

355. Color. When thunder-clouds are near the 
earth, the flashes are of a brilliant whUe ; but when the 
'storm is high, and the lightnings pkty through a rarefied 
atmosphere, their color approaches to violet A spark 
of electricity assumes the same hue, when it is made to 
pass through the exhausted receiver of an air-pump. 

356w Effects of Lightning. These are precisely 
similar to those of common electricity in kmd^ though 
ini exceeding them in degree. Life is destroyed by the 
shock, the stoutest trees shivered to pieces, ponderous 
weights displaced, combustibles mflamed, metals soft* 
ened and fused| sand vitrified, and iron and steel ren- 
dered magnetic It is needless to multiply instances in 
proof of these particular points, but a few cases may 
tend to impress them upon the mind. 

357. On the night of the 21st of June, 1723, a troe 
in (he forest of Nemours was struck by lightning. The 
trunk was split into two fragments, one ^enteen feei 
hmg^ the other twenty-two ; and though the first required 
four men to lift it, and the second eight, yet both of 
them were hurled to a distance ofsevenieen yards. On 
the 6th of August, 1809, a fiash of lightning struck a 
house at Swinton, near Manchester. The wall of a 
building attached to the house was loosened from its 
foiindation a foot below the ground, and raised in a 
mass to the surface, still maintaining its upright posi* 
tion ; one end of it was moved nine, and the oUier four 
feet from its original place. The wall thus moved was 
deven feet high and three feet thick, and contained 7000 
bricks, which, exclusive oi the mortar, were estimated to 
weigh nearly twenty-six tons* 
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On the 20th of April, 1807, at Great Mouton, in lian- 
cashire, a windmill was struck by lightning ; the fluid 
passed along a large iron chain, the links of which 
were so softmed^ that by their own wight they became 
welded together ; and the chain was conrerted into an 
inflexible bar of iron. 

In Sept 1845, a house at New Haven, Ct., was struck 
during a thunder-storm. Several articles of steel were 
rendered magnetic, and a razor, lying in a case near the 
spot where the lightning entered, was found capable of 
sustaining a key, weighing half an ouncs, 

396. FuLGVRiTES. When a flash of lightning fidls 
upon sand, its path below the surface ,'is often marked 
by di fulgurite^ so called ixom, the Latin word ftdgur^ 
lig|itning. It is a tube composed of sand, vitrified bp tho 
action the lightning, Fidgurites were first discov- 
ered in Silesia, in 1711, and specimens were forwarded 
to the museum at Dresden, wheie they are still preserved : 
they have since been ibund in great numbers, in 
Germany, England, and amid the sands of Bahia, in 
Brazil. 

The fulgurite is winding in its form, often throws out 
lateral spurs or branches, an^ contracts in size towards 
the lower extremity,^ which usually terminates at a sprfhg 
of water, or in some substance that is a good conductor 
of electricity. 

369. These tubes are generally hollow, the interior 
surface being coated with a biilliant glass. Their di- 
ameters vary from four-hundredths of an inch, to three 
inches and a half^ and the thickness of their sides from 
one-fiftieth of an ifich, to nearly an inch* 

The branches of the fitlgurite, differ in length frofn 
three quarters of an inch to a foot^ but the main tube 
often extends to the depth of many yards. Several of 
considerable length, which had been taken from the 
sandy plains of Silesia, were exhibited at London, some 

Give instanoes. What are fulgarifml 
Where have they been diacQvered 1 
What ia their form 1 
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years ago, by Dr. Fiedler, of Germany. One, discovegad 
at Paderborn, in Westphalia, was forty feet long, 

360. That these tubes are really produced by lighl* 
ning, has been proved by actual observatioa. A num- 
ber of sailors, being upon the isle of Amrum, in Den- 
mark, saw a flash of lightning fall upon the sand ; upon 
examining the spot, they found a fulgurite : a similar 
circumstance happened on the borders of Holland. 
Savart and others have obtained artificial fvlgurites^ 
by passing powerful electric sparks through powdered 
glass, and a mixture of sand and salt ; tubes were thus 
formed an inch in length, and the tenth of an inch in 
thickness, the inner diameter being the twenly-fito of 
an inch. 

361. ToLCANic-LiQHTNiNG. The clouds of smoke, 
ashes, and vapor, that issue from volcanoes during their 
eruption, are the scene of terrific lightning and Sunder. 
Pliny the younger, in his letters to Tacitus, mentions 
the lightning that was seen above Vesuvius, during its 
eruption, in the year 79, A. D. In that which occurred 
in 1767, the inhabitants at the foot of the mountain as* 
sured Sir Wifiiam Hamilton, that they were more terri- 
fied at the lightning which flashed around them, than 
by the burning lava, and ail the other attendant dangers. 

Durinff the eruptions of the same mountain in 1779 
and 1794, there appeared, in the midst of the dark vol** 
eanic clouds, glijim of fire^ which, bursting like bomb- 
shells, darted on every side vivid muhes of zigzag-light* 
ning. In the latter eruption were heard loud and con- 
tinued peals of thunder* 

362. The cause of volcanic-lightning is found, in tLe 
rapid condensatioiL of the vast volumes of heated vapor, 
which are carried up from ihe crater of the volcano iuLo 
the hit^her and colder regions of the atmosphere. 

In like manner, in the midst of water-spouU and 
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whirlwinds, an abundant condensation of vapor suddenly 
occurs, whicli frequently develops such an amount of 
elpciricity, that tiie lightning here displays itself ia all 
its fearful energy, 

363. Thunder. In consequence of the lightning 

{>a8sing through the atmospiiere with an amazuig ve« 
ocity, it leaves a yoid space behind it, into which the 
surrounding air instantly rushes, with a load report* 
Tliis noise is thunder. 

When the lightning is near the obsenrer, the report is 
sharp and quwk^ but when at a distance, it is Umg and 
rolling, 

364 The rolling of thunder is frequently occasioned 
by the reverberations of the sound, from clouds and 
adjacent mountains ; but this is by no means always the 
case. When the lightning-flash darts to a great dis- 
tance^ such is its velocity, that the thunder may be 
considered as occurring at everff point of the Jiash at the 
same time. But sound has a progressive motion of 1142 
feet per second, and all the thunder will not reach the 
ear at the same instant. It will be first heard from tbo 
nearest jx)iat, in the path of the flash, and later and later 
from pomte more remote ; and the combined effect will 
be a cominued peaL 

•The zigzag- form of the flash, and its division into 
several streams, is regarded by Herschel as affording aii 
adequate explanation for all the changes that occur in 
the sound oi the thunder-peal 

365. The /tme that elapses between the lightning and 
the thunder, enables us to form an estimate of the dis- 
tance of the former, which is a little more than a mile 
for every Jive seconds. This interval usually varies 
from three to sixteen seconds ; but cases have occurred, 
where it has amounted to flfty, and even seventy-two 
seconds, 

366. Identity of Lightning and Electhicixy. 
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Tlic resemblance between ligJitiiing and electricity \vd,B 
noticed by liie cailier electricians, W^all, Grey, and Nol- 
let; but their identitt/ wsls first established by Dr. Frank- 
lin. Tiie strong points of similarity which conviaced 
him of this fact, were the followiag. 

1st. Lightning and thfi electric spark are both zig- 
zag in form. • 

2d. Lightning' strikes ireeSy chimnpi/f;. spires, masts 
of vessels^ mountains and elevated points upon the sur 
face of the eart/i, EleciricUy is likewise cUtrcuited by 
• pointed bodies. 

3d, Both cJioose the hpst conductors* 

Ath. Both ignite conibusiibles, 

5th. Both fuse vfetals. 

6th. By the action of eachy a bad conductor is shiv - 
ered when struck. 

7th. Ughtnitig reverses the poles of a magnet^ and 
renders iron magnetic. Electricity does the same. 

Sth. Animal life is destroyed by each, 

9th. Blindness is produced by both. 

368. Franklin, however, did not stop here. He re- 
solved to test the truth of his reasoning, by drawing 
lightning from the clouds, and in June, 1752, made the 
hazardous experimeat in the vicinity of Philadelphia* 

369. Franklin's ExpfiRiMENT. Having made a 
kite, by tying the corners of a large silk handkerchief to 
the enda of two light strips of c^ar that crossed each 
other, and placed upon it a pointed iron wire connected 
with the string, Franklin went out into a field upon the 
approach of a thunder-storm, accompanied by his son* 
When the kite was raised, he attached a key to the lower 
end of the hempen string; to the key one end'of a silk 
ribbon was now tied, the other being ^sistened to a post. 
The kite was thus insulated, and the experimenter, for 
a considerable time, awaited the result with intense 
solicitude. A dense cloud passed over, but no indica* 
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tions of electricity appeared upon the string ; when, just 
as Franklia began to despair of success, he beheld the 
loose fibres of tbe cord starting asunder^ and immedi- 
ately presenting his knuckle to the key he received an 
electric spark. The rain now descending, increased the 
conducting power of the strings and vivid electric sparks 
issued from the key in greal^abundance. By means of 
the ' lightning thus obtained, aU the common electrical 
experiments were performed, and the identity of light- 
ning and electricity thus indubitably proved. 

^70, RoMAs^ Experiment. No sooner was this* 
. wonderful discovery made knowii, than men of science ' 
were eager to repeat the experiment. 

With a kite eleven feet hu$h and tliree feet wide^ 
Romas obtained in France the most brilliant and aston- 
ishing results* In one instance, when the kite was 
raised during a storm, such an accumulation of electrici- 
ty occurred, that streams of electric fire nine or ten feet 
longy and an inch in thickness, flashed spontaneously 
from the string, with reports, like those of a pistol. 
Thirty streams of this magnitude burst forth in the 
space of an hour^ without counting a multitude of others^ 
seven feet in length, 

371. Richman's Death. That such experiments 
are, however, attended with great danger, unless every 
precaution is strictly observed, is proved by the vmfor- 
tunate death of Prof, Richman, of St. Petersburg, who 
Avas killed by lightning, on the 6th of August, 1753. He 
had erected, upon the top of his house, an iron rod from 
wijich proceeded a chain that enti^red his study. The 
whole apparatus was entirely insulated. On the day ia 
question while examining the electrometer, as a thun- 
der-storm was approaching, a large globe of blue fire 
iiaslicd from the conductor to his head, instantly depriv- 
ing him of life. 
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LiaSTNING-ROD. 

372. The inveation of the lightning-rod for the pro- 
tection of buildings was the fruit of the briUiani discov-> 
ery of Franklin. Even before his decisive experiment 
he had been led to suppose, from the analogies existing 
between lightning and electricityy that pointed metallic 
rods might possibly disarin the thuader-doud of its ter- 
rific power. 

373. In order that the lightning-rod^ or conductor^ 
may afford an effectual protection, regard must be had 
to the material of whioA it is made^ iUi stzi^ and the 
mode of erection* 

3r4* Material. Wrought iron is usually employed, 
and forms a good conductor ; but copper is preferable, 
inasmuch as it is lisB liable to be corroded or fused, and 
possesses a greater conducting pon^r. 

375. Size. The rod, if made of iron, should be three- 
(ifuarters of an inch in diameter ^ and its upper extrem- 
ity bliould terminate in one oi more points, T'^ach of 
these points (which are usually three in number) ought 
to be capped with some metal which does not rust, as 
silver, gold, or platina ; for the conducting power of 
the points, if made of iron, would be weakened by the 
rust. 

376. Mode op Erection. The rod should be con* 
thmojis from the top to the bottom; an entne metallic 
conununication existing throughout it3 whole length. 
This law is violatt d, when the joints of the several parts 
that form the comiuctor are imperfect, and the whole is 
loosely put together. The parts may be screwed one 
into the other; or the rod may be formed of wires twist- 
ed together. 

377. The conductor should be fastened to the build- 
ing by wooden support^, but if masses of metal, as 
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leaden pipes and troughs, are connected with Che huild- 
ing, it 18 best to attach them to the rod by strips of 
metal ; for, unles? this is done, lightning may pass fit>m 
the rod to the metal, and enter the edifice, especially if 
the rod is in any way defective. By adopting the above 
precaution, the metallic masses are made a part of the 
conductor, and if the lightning strikes them^ it is con- 
veyed through the rod to the earth. . 

378. The lower end of the rod should be divided into 
two or three branches, so bent as to pass away from 
the building; and it is highly essential that these 
branches should extend so far below the surface of the 
ground, as to reach either water or z. permanently moist 
atratum of earth. The rod should be surrounded with 
powdered charcoal, which at once preserves the iroQ 
from rust, :uid facilitates the passage of electricity be- 
tween the metal and the earth, in conbecjueiiee of its 
conducting power. For the same reason, the conductor 
should be painted witli black paint, made of charcoal. 

379. Extent OF Protection. According to the in- 
vestigations of M. Charles, the lightning-rod protects ths 
space around it to a distance equal to twice its height. 
Thus, if the conductor extends ten feet above the sum- 
mit of a house, it aUords protection to a circular space 
foity feet in diameter ; the rod being in the centre. 

The experience of nearly one hnndred years has 
shown that, w^here the above rules and precautions are 
observed, an effectual security has been provided against 
the effects of lightning; so far as human means can 
avail to disarm the elements. 

380. It is an error to suppose that conductors attract 
the lightning towards the building upon whicli they are 
erected. They simply direct the courscy and facilitate 
the passage of the electricity between the clouds and 
the earth, when a discharge must inevitably occuri 
where the building is situated. 
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I( is indeed highly probable, that a siletit and grad'ual 
discharge of a thunder-cloud, is often effected by the 
points of the rod, and an explosion thus prevented. 
This is the opinion of Arago, who expressly states, that 

lightmng-rods 7iot only render strokes of lightjiing 
inoffensive^ but considerahly dimmish the chance of a 
building being struck (U aUJ* 

381* Electric Fogs. Fogs are at times highly 
electrical ; a most extraordinary instance is thus related 
by lAr. Crosse, of Broomfield, whose apparatus has al- 
ready been described. Many years smce I was sitting 
in my electrical room, on a dark November day, during 
a very dense, driving fog and rain, which had prevailed 
for many hours, sweeping over the earth, impelled by^ a 
south-west wind. I had at this time 1,600 leet of wire 
insulated, which crossing two small valleys, brought 
the electric fluid into my room. From about 8 o'clock 
in the morning until four in the afternoon, not the least 
appearance of electricity was visible at the atmospheric 
conductor, even by the aid of the most delicate tests* 
Having given up the trial of further experiments upon 
it, I took a book and occupied myself with readm^, 
leaving by chance the receiving ball upwards of an incn 
from the ball in the atmospheric conductor. About four 
o'clock in the afternoon, while I was still reading, I sud-> 
denly heard a very strong explosion between the two 
balls, and shortly after many more took place, antil ther 
became one uninterrupted stream of explosions^ which . 
died away and recommenced with the opposite electri- 
city in equal violence. The stream of fire was too vivid 
to look at for any len^h of Ume, and the effect was 
most splendid, and contmued without intermission, save 
that occasioned by the interchange of electricitleB, for 
upwards of five hoursj and then ceased entirely. The 
least contact with the conductor would have oceasianed 
instatit dectthj the stream of fluid far exceeding any- 
thing I have ever witnessed, excepting during a thun- 
der-storm.'* 
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SPONTANEOUS ELECTRICITY. 

382. St. Elmo's Fire. When in a darkened room 
a needle is brought near to the charged conductor of an 
electrical machine, the point is tipped with a vivid light, 
caused by the flow of electricity from the conductor to 
the needle. In the same manner when thunder-clouds 
approach very near the earth, lightning does not always 
occur ; but the electricity hecomes so intense, that it 
escapes from one to the other by points ujpon the surface 
of the earth, which then glow with a brilliant Jiatne, 
Tliis phenomenon has received the appellation of St. 
Elmo^s fire. It was known to the ancients by the name 
of Castor and Pollux, and many instances have been re- 
corded by classic writers. On the night before the bat- 
tic that Posthumius gained over the Sabines, theKoman 
javelins emitted a light like torches; and Caesar relates 
that during the African war, in the month of February, 
there suddenly arose, about the second watch of the 
night, a dreadful storm that threw the Roman army 
into greot confusion, at which time the points of the 
darts of the fifth legion appeared to be on fire, 

383. The fire of St. Elmo is often finely displayed 
upon the masts of vessels. An extraordinary instance, 
which happened in 1696, is thus related by Count For- 

: "In the night it became extremely dark, and thun- 
dered and lightened fearfully. We saw upon difierent 
parts of the ship about thirty St. Elmo's fires ; among 
the rest was one upon the top of the vane of the main- 
* mast, about eighteen inches lonir. I ordered one of the 
sailors ta take the vane down, but he had scarcely re- 
moved it when the fire again appeared upon the top of 
the mast, where it remained for a long time, and then 
gradually vanished.'' When Lord Napier was on the 
Mediterranean, in June, 1818, he observed, during a 
dai k and stormy night, a blaze of paie light upon the 
mainmast of his vessel. It appeared near the summit, 
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and extended about three feet dowawara, flitting and 
creeping around the surface of tlie mast, 'i'he heads of 
the other two masts presented a siniilar appearance. 
At tlie ead of half an nour^ the flames were no longer 
visible. 

384. This phenomenon frequently occurs on t he siirnr 
mits of mountains^ when thunder clouds pass near them.. 
Saussure observed it uptm the Alps, iq 1767. On ex- 
tendino;" his arm, he exptMicnced sliir}|t olru tric shocks, 
accompanied by a whistling sound, and obtained disiinct 
sparks from the gold button of a hat belonging to one of 
his party. It is often noticed at Edinburg c'lstle, whicli 
stands upon a high rock, 250 feet above the surroundmg 
country. Upon the approach of a storm, the bayonets 
of the soldiers mounting guard are frequently seen cap- 
ped with flame, and an iron ramrod, placed upright upon 
the walls, presents a like appeaiance. 

A singular instance of spontaneous electricity took 
place at Algiers, on the 8th of May, 1831. During the 
evening of this day, as some French officers were walk- 
ing with their heads uncovered, each was surprised at 
seeing the hairs upon the heads of Ixis companions erects 
and tipped v>Uh flame. Upon raising thetr hands, tliey 
perceived a similar light flitting upon the ends of their 
Angers. 

A remarkable case of this kind was observed by Pres. 
Tottcn, of Trinity College, at Hartford, Ct., in the month 
of Dec. 1839. As this gentleman was walking one 
evening in the midst of a heavy snow-storm, protected 
by an umbrella, his attention was arrested by moment- 
ary flashes of lights which at intervals illumined his 
path. The source of the light was detected upon meel- 
mg another -person, the point of whose umbrella was 
seen covered with ^ame, which was constantly escaping 
in flashes. The light first noticed by Pres. Totten, pro- 
ceeded from his own umbrella. 

385. Electric Rain, Haul, and Snow. Numerous 



* Whffli doea it occur on the summits of mountains t 
Stats tlie casos in Art. 384. 
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and weil attested instmces have occiiired, in whico 
rain, hail, and snow, have displayed flashes of elec- 
tric hght, but we will confine ourselves to a few. On 
the 22d of Sept. 1773, in a thunder-storm which fell 
upoQ Skara, in Sweden, the drops of rain were seen to 
strike fire and sparkle as they touched the ground. 

On the 28th of Oct. 1772, as the Abbe Bertholon was 
traveling between Brignai and Lyons, in the midst of a 
heavy storm, he was surprised at seeing the rain-drops 
and hail- stones emitting 7^^^ of light, as they fell upon 
the metallic parts of his horse's trappings. 

It is also recorded, that the miners of Freyburg, on 
the 25th of January, 1822, beheld the sleet which fell 
during a storm flash with light as it struck the earth. 

386. It is not difficult to explain these phenomena ; 
we have only to suppose, that the electric intensity of 
the atmosphere and the earth is at these times very 
great, and that the electricity of the falling bodies is the 
opposite in kind to that of the ground and of the objects 
upon it. At the moment of contact the two kinds of 
electricities combine, their union (as is always the case 
when their intensity is great) being indicated hy a sud- 
den flash. 

387. Electric Action upon Telegraphic Wires. 
It is not unusual for the electricity of the atmosphere 
to exert an extraordinary influence upon the wires of 
the electrical telegraph. According to Pro£ Henry, 
this influence may arise, as follows, in several different 
ways. 

388. First. The wire maij be struck by a direct dis- 
charge of Ughtn'mg from the clouds. An instance of 
this kiaci occurred on the 20th of May, 1846, when the 
liglitning struck the wire of the telegraph, at the place 
where it crosses the Hack on sack river. From the poiut 
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where the di^rlinrnc took place, the Hiiid passed along 
the wire each way f(*r a dislaiice of several miles, strik- 
ing' off at irreg-ular iiitervals down the supporting poles. 
Wherever a pole was struck, a number of sharp explo- 
sions were successively heard^ like the rapid reports of 
several rifles. 

389. Secondly. 77/<? .^tafe of the imre may he disturb- 
ed hi/ the conduction of a current of electricity from one 
'portion of space to another ^ without the presence of a 
thund er -cloud ; and thi? will happen in the case of a 
lone: l'^^*"- wh(m the ci( i trie condition of the atmosphere 
which surrounds the wire at one place is different from 
that at another. 

390. This difference in the elcrtric condition of the 
atmosphere may result from a difference in elevation, 
(Art. 322.) A wire, raised by means of a kite, gives sparks 
of positive electricity, in a perfectly clear day; hence, if 
the teleg^raphic wires pass over a \\\^h mountain-ridge, a 
current of electricity will be continually flowing, during 
serene weather, from the more elevated to the lower 
parts of the wire. 

A current may also arise in a long, level line, if a fog 
exists at one end, while the sky is clear at the other ; or 
if a stor?n of rain or S7iow occurs at some portion of the 
line, while tlie remainder is free from its presence. 

Currents of electricity have been pioduced by some 
of these causes, of sufficient power to set in motion the 
working macli inc ol the telegraph. In one case it began 
to operate spontaneously, without the aid of the battery, 
when a snow-storm prevailed at one end of the line, and 
clear weather at the other. 

391. Thirdly. The inductive action of a thunder- 
cloud may also change the natural electric condition of 
the ivire. If, foi example, a cloud positively electrified^ 
is movinsT across the direction of tiic wire, it will con- 
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tiQue, as it gradually approaches the line; to diiTe te 
the remote extremities of the wire^ more and more of 
the positive electricity residing in it, and thus occasion a 
.current. As the cloud gradually recedes, the repulsion 
it exerts is diminished, and a current then arises in the 
opposite direction, 

392. Fourthly. E^ery jktsh of lightning wkkh ae^ 
curs withm many tmles of the line, produces pawm/ul J 
electrical currents in the telegraphic wires. 

To this influence Prof. Henry attributes the phenom- 
ena witnessed by himself on the 19th of June, 1846, in 
the telegraph office, at Philadelphia, and which he thus 
describes. In the midst of the hurry of the transmis- 
non of the congressional intelligence from Washington 
to Philadelphia, and thence to New York, the apparatus 
began to work irregularly. The operator at each end 
of the line announced at the same time a storm at 
Washington, and another at Jersey City, The portion 
of the telegraphic wire which entered the building, and 
was connected with one pole of the galvanic battery, 
happened to pass within the distance of less than an 
inch of the wire, which served to form the connection 
©f the other pole with the earth. Across this space, at 
intervals o( eveA'Y few /n in/dcs^ a scues of sparks in rapid 
succession was observcil to pass; and when one of the 
storms aiiivcd so near Philadelpliia that the Ughlning 
could be seen, each series of sparks was found to he 
simultaneous with a flash in the heavens. Now we 
cannot suppose, lor a moment, that the wir<^ was actu- 
ally struck at the time each flash took place, and indeed 
it was observed that the sparks were produced, whea 
the cloud and fia^h were at the distance of several mile^ 
to the east of the line of the wire. The inevitable 
conclusion is, that all the exhibition of electrical phe- 
nomena witnessed during the afternoon, was purely the 
eflect of induction, or the mere disturbance ot the natu- 
ral electricity of the wire at a distance, without any 
transfer of the iiuid iirom the cloud to the apparatus. 



What the fourth ? 

DoBciibe the phenomena wilneBsed by Pxoiefisor Uenij* \ 
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The discharge between the two portions of the wire 
continued for more than an hour^ when the effect be- 
came so powerful, that the Buperintendent, alarmed for 
the safety of the building, connected the long wira with 
the, city gas pipes, and thus transmitted the current 
silently to the ground.'' 

393« By a simple apparatus, Professor Henry rendered 
manifest the inductive action of the liglitning-flash. 
The arrangement consisted of a copper wire, fastened at 
one end to a building, and extended to another, 400 feet 
distant. Here it entered the Professor's study, and thence 
passed through a ceUar window into an adjoining well. 
With every flash of lightning that occurred within a ctr- 
cle of twenty rnUes^ needles - were magnetized in the 
study by the induced current of electricity developed in 
the wire. (0. 1033.) 

Wlutt apparatus was oonstructed by this gemisDUii for exhibiung ;qs 
ladoetive .action of tho lightning 1 
What ofibct was pioduesd I 
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OPTICAL PHENOMENA. 



CHAPTER L 

OP THE OOLOR OF THE ATMOSPHESE AUD CLOtTDS. 

394. Color op the Atmosphere. This is caused 
by the decoin position of the solar light. It is well 

known, horn the expciirnent of the prism (C. 7SS), that 
the white light of Uic sun consists of seven colors ; and, 
that of ail these, tlie violet and blue rays have the least 
power to overcome any resisttnice they meet with ; and 
consequently deviate rg.osi kom thuir uvigixial course in 
passing Lhrougli the prism. 

395. The action of the atmosphere upon the sun- 
beams ill their passage lu the eaitii, is precisely similar 
to llial ol a prism. 

After entering the atmosphere they are constaiiLly 
passing in their onward progress, from rarer into den- 
ser media, and arc therefore decomposed. A portion 
of the blue rays, unable to ov^ercome the resistance of 
the air are scattered throughout its extent ; and being 
reflected from its particles, tinge the sky with an azure 
hue ; for it is to be remarked, that a body appears of 
Ike satm color as tlie light it rejiects and by which it la 
seen. 

396. Cyanometer. In order to determine the luten- 
sity of the blue, a cyanometer is employed, an instru- 



What is the subject of part fifth 7 

Of what does chapter first treat 1 

What is the cauae of the color of the atmosphere I 

For what purpoeo U the cyanometer employed 1 
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inent which derives its name from the Greek words, 
kumos, azure, and metron^ measure. That of Saussure 
is made in the following manner : 

A circular card is divided into ^^/y-one parts, and each 
is painted of a different shade of blue increasing from 
the palest tint, formed by a union of blue and white, to 
the deepest produced by a mixture of blue and bUck. 
The colored card being held in the hand, the observer 
marks the particular tint corresponding to the color of 
the sky, and its number, counting from the palest shadey 
denotes the intensity of the azure. 

397. Effect of Latitude. 7%e hrOKancy of th^ 
sky dccrecise^ with the latitude. Humboldt discovered 
that at corresponding hciglits above the horizon, the blue 
in 19° N. Lat. was two shades below that in 16° N. Lat 
The intensity also at Cumana, 10° N. Lat., is twenty- 
four^ while the average tint for Europe is only fourteen. 

398. This diminution in brilliancy is caused by the 
less perfect absorption of the atmospheric humidity in 
tiic temperate and arctic regions, than in the equatorial 
climes — a circumstance arising from their comparative 
low mean teiii(jci;uai e. nnd consei^ueaL decrease in the 
capacity of the air for uioisture. 

399. 1m the same place, the color increases in bright- 
ness from the horizon to the zenith — the point in the 
heavens directly over-head. Baron Humboldt foimd in 
16° N. Lat., that his cyanonicter indicated the 3d shade 
at the horizon, but at an aUiuide of 60°, or two-thirds of 
the distance to the zenith, the 2^ici tint. The blue of the 
sky is palest at the horizon, in consequence of being 
mixed with and diluted by the thin vapors of the air, 
which settle down towards the earth. 

Within the torrid zone, the sky undimmed by vapors 
glows with the purest azure ; and, under like circum- 
stances, in regions beyond the tropics, the same bright 



Describe this instrument. 

How is the brilliancy of the sky affected by latitude 1 

St'jte the result of observations. How is this ditlerence accounted lorl 

What ia the law in respect to altitude at the same place I 

Give the observaUoziA. What is said of the torrid zone 1 
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skies are seen. Over Italy, Carifomio diid the Canary 
Isles, liangs a canopy of the deepest blue, and even on 
the western coast of Spitzbergen, the rich azure of the 
heavens has equaled at times the splendid iiue of the 
tropic skies. 

400. Efffct op Altitudi:. In ascendinj'' from the 
plains to the inoiintains, the vapors are left below, the 
purity of the atmospliere increases, and the pale tint of 
the sky changes to a vivid blue. This fact, long known 
to llie chamois hunters of Switzerland, was verified by 
the observations of Saussure upon the AlpS| and those 
of Humboldt on the Cordilleras. 

401. Capt. Mundy thus speaks of the color and pure- 
ness of the air at Simla, which is the most northern 
European settlement in India, and possesses an altitude 
of 7,800 feet. "To the north of Simla, tiie mountaitis 
rise gradually one above another, until the panorama is 
majesUcally terminated by the snowy crefe^cent of the 
great Himalaya belt, fading, on either hand, into indis- 
tinct distance. In fine weather, these stupendous icy 
peaks cut the dark blue sky with such sharp dititinct- 
ness of outline, that their real distance of sixty ov seven- 
ty miles is, to the eye of the gazer, diminisiied to one- 
tetith partJ^ 

402. Brantz Mayer, m his interesting work upon 
Mexico, thus alludes to the same facts. 

"The liiuonlight of Mexico is marvelously beautiful. 
That city is 7,500 feet above the level of the sea. The 
light comes pure and pellucid from heaven. You seem 
able to touch the stars, so briliiauily nrar do they stand 
out, relieved against the back-ground of an intensely 
blue sky. Strolling on such a night in Mexico, I saw tlie 
sharp lines of tower and temple come boldly (uu with 
shape and even color almost as bright as^ yet bultei than 
at noon-day." 

403. At Mussoori, a village situated upon the fust 



What ia said of Italy, California, the Canary Isles and Spitzbergen • 
What is the law in regard to altitude at different statioaal 
What to mid of the bluenew of tbo aky and the purity of the atmosphen 
•n the Alps sod the Coidillenu^ on die HlmslayBs and In Mexico? 
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range of the Himalayas, 7,500 feet above the sea, bo 
remarkably clear is the air in the month of November, 
according to Lieut. Bacon, that the ni^hite houses at 
HoQ2saffirnuggur, a di:^tance of eightf^two mUeSj have 
been distinctly seen with the aid of a spy-glass. 

404. When, however, very lofty elevations are at- 
tained, the heavens assume a blackish hue ; for a great 
portion of Ihe atn^iosphere is then beneath the observer, 
and but little blue light is lelbcted firom the compara- 
tively small number of {articles composing the attenu* 
ated air above. The eelestial orbs there shine with a 
singular brilliancy, since their li^ht reaches the eye be- 
fore, its lustre has been dimmed, m consequence of pass- 
ing through the dense strata of the atmosphere near the 
surface of the earlh. 

405. Captain Hodgson remarked, near the sources of 
ihe Gauges, that the tint of the sky was a dark bhte^ 
approaching to bladcness / and that the stars in their 
nsing emerged with a sudden flash from behipd the 
snowy peaks of the Himalayas. At Zinchin, sixteen 
thousand feet above the sea level, the heavens appeared 
of a dark black color, the sun shining without the least 
haze. At night, that part of the horizon, where the 
moon was expected to rise, could scarcely be distin- 
guished by the irradiation of her beams before the orb 
touched it, and the stars and planets shone with a daz- 
zling light 

406. Colors of Clouds. These are attributed to 
the power which the atmosphere possesses o( absorbing 
lis^ht (C.802), in common with other transparent media. 
When a snn-beam falls upon the ocean, the more refran- 
gible ray 3 are successively absorbed as the light contin- 
ues to pierce the translucent water; until, at last, far 
beneath the surface, nothint^ hni red light is perceived, 
according to the statements of divers, and of those who 



What is the color oi the sky when very lofty heights are attained? 

Relate the romarks of Capt. Hodgson. 

Explain tlie caufle of the colors of doudsj and the manner in \<rbich they 
ariec. 
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have been ciiirag'ed in submarine researches. The ac- 
tion of the aLQiosphere is precisely the same. 

In the morning and evening, die sun-lii^ht traverses 
the densest portions of the air, and parses throuofh a 
ons^'er track than at any other time. So much thicker 
aad more dense is the stratum of air upon the horizon 
than the stratum over-head, that the sun-light is dimin- 
ished 1300 times in traversing tlie former; and of 
10.000 rays faUing towards the surface of the earth, 
8,123 ariivc at a given point if they pass perpendicu- 
larly through the air, but only Jive if they come through 
a liorizontal stratum. From these causes, the more re- 
frangible rays, and especially the violet and blue, are un- 
able to struggle through and are absorbed ; while the 
rest emerge^ and being reflected from the light masses 
of vapor floating in the sky, clothe them with their own 
bright hues. 

&7. The three itaost powerful rays of the solar spec- 
tram are red^ orange^ and yellow ; and these colors are 
ihp cooimon tints assumed by clouds. At times, how- 
ever, ihey glow with' the richest variety of hues, partie- 
ularly beneath the tropic skies. In those regions, green, 
violet andpurple clouds are not of unfrequent occurrence. 

fiishop Heher, on his passage to India, beheld, one 
evening at sunset, when near the equator, large tracts 
of cloud of ^pide, translucent green, surpassing in 
beauty every effect of paint, glass, or gem. 

The sunsets of California are among the most beauti- 
ful in the world, and the clouds that rise from the Pacific 
are bathed in exquisite tints of green, purple, and violet 

408. Clouds, possessing these singular colors, are 
rarely seen in the higher latitudes ; they are. however 
not entirely unknowji. Violet clouds have been wit- 
nessed at Avignon, in France, and also in a most gorge- 
ous sunset that occurred at Hartford, Ct., on the 3d of Ju- 
ly, 1844, and which presented the following phenomena. 

409. The day had been showery, but towards its 



W'hat IS said as to the diminution of light 1 

III what regions ure the richest tints beheld 1 Give instances. 

Where are vtolei and green donda moat flnquently aeeni 
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close, the dense canopy of clouds was broken up, and 
the eastern sky filled wkli light and iloating masses 
of vapor. Soon after sunset, the stratum of clouds 
which rested upon the western horizon, rose tlirouirhout 
its whole length, revealing between the mountains and 
its lower edge a belt of sky of the purest azuie. Above 
this, the whole Ackl of va[)or was pleaminn;- with a rich 
amber light, which, as it streamtil tlnough rarer or 
denser portions of the mass, presented every phase of 
brilliancy and depth ; at the same time displaying the 
curiously wrought structure of the airy fabric. When * 
the rays of the sun fell upon the fragments of vapor 
floating in the eastern quarter of the heavens, their jut- 
ting heads and broken edges gleamed with a flame-like 
hue: while, between the masses, tlie sky appeared of 
tiie dcppest indigo. As the evening advanced, portions 
■ of the western stratum assumed the tints of lead, lake, 
pink, gr^n, jrurplf. violet, orange and crimsoji. About 
eight o'clock, the vapor in the south-west presented a 
singularly beautiful appearance ; the heavens seemed 
as if covered with a deHcate lace-work woven of pris- 
matic rays, and this phenomenon was succeeded by gi em. 
ftirple^ and violet clouds in the west. The last hue of 
this brilliant pageant was an inteiisely vivid crimson^ 
which was gradually lost in the shades of night. 

410. At the same city, in May, 1845, a cloud of un- 
common beauty was seen by the writer resemblinff 
marUe paper^ the intermingfing colors consisting of 
brenze, orange^ di vivid grass green^ and a golden yelhw* 

411. Green clouds occur, when the vapor is illumin- 
ated at the same time by the deep blue light, reflected 
from a distant quarter of the sky, and tiie yellow rays 
of the sun ; green being produceid by the union of blue 
and yellow. In the same manner, purple and.vto/el 
clouds appear, when they glow at once with the red 
rays of the sun and the azure tint reflected from the 
heavens; since purple and violet arise fromanyxture 
of red and blue in due proportions. 



Describe the Buoset at Hartford. 

Explain tbe origin of green and violot douda* 
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OHAPTEK IL 

OF THE EAINBOW. 

412. The rainbow is thai heautifullij colored arch 
which, at times, is seen during a shower and in the re- 
gion of ihe sky opposite to that where the sun is shin- 
ing. ' ^ 

413. When perfect, the rainbow consists of two arches, 
the inner, called tlie pr 'uiKiry bow, and the outer the 
secondary, each composed of seven colored bows, formed 
of the prismatic hues, viz., violet, indigo, blue, green, 
yellow, orange, and red. In the primary bow the red 
ring occupies the highest place, the orange comes next, 
and so on, tlie violet assuming the lowest positioU; but 
in the secondary the order of colors is reversed, 

414. The cause of the rainbow, with the excM)tion of 
its colors, was first unfolded by Descartes ; but the dis- 
covery by Newton, of the different refrangibility of the 
sun's rays, enabled this great philosopher to explain, 
with the utmost completeness, all the laws of this brill* 
iant phenomenon. 

415. In order to understand the theory of the rain- 
bow, we must have recourse to diagrams. 

Imagine, in the first place, that ^' 
P Q, L, figure 20., is a section of 
a globe of water, and that S P 
is a ray of hght, which, passing 
through the hole of a window- 
abutter in a darkened room, falls 
upon the surface of the globe at 

P. Here a portion of the light is 

reflected^ and the rest, entering sectioh •» *. olobb of watb«. 
the globe k refracted (G. 702) and decompoqed into the 
aeven primary colors ; one of which, the red ray^ we will 




Wh It is the subject of chapter aecondl 

Define the rainbow. 

Of what does it consist when perfect ? 

Who first explained the cause of the rainbow t 

Trace the course of a ray of light in fi^uie 20. 
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now alone consider. This ray^ traversing the wafer, 
sirikes the interior surface of the irlolm at Q,; where a 
part of its light lost by trails mUmoii^ and escapes into 
the air, while the remainder is reflected to the point T< ; 
here the lijxht is once more subdivided, one portion beini^ 
7'tfracted to the eye situated in the diieclioa L M, aad 
the otlier reflected into the globe. 

That the results are such a;? have been described 
may be ascertained by placing the eye at the point Q of 
the globe, and observing likewise the course of the ray 
through the air and water. 

416. These successive transmissions and reflections 
are unlimited in number, and, since light is lost at each 
impact, the intensity of the ray, after a few reflections', 
will become so ntuch diminished, that, upon its emer- 
gence from the globe, it ceases to make any impression 
upon the eye. 

417. in order to apply these rmarks to the subject 
before us, we have only to suppose, that figure 20. is the 
section of a rwn drop^ instead of the section of a globe 
of water ; for all the changes which light undergoes in 
one case, will take place in the other. 

Thus the ray of light S P, falling upon the drop at 
P, is refracted towards the perpendicular P D, rejected 
at and refracts from tne perpendicular L D as it 

rnes into the air at L, to meet the eye in the direction 
M: all these results occurring, in accordance with 
well*known optical laws. (C. 706, 709.) 

418. |n the case supposed, the ray S P suflers tw^ 
t^firadums and one reflection^ and if it strikes the drop 
more or less obliquely, different quantities of light will 
be brought to the eye at M. Now it is only when the 
firreaiest amount is conveyed to the ey#that the light is 
sufficiently intense to produce any impression upon the 
sight, and this js found to occur, in respect to the red 



Apply the illustration to the subject. 

In the case supposed, bow many refractions and reflections do/;s the ra/ 
indergol * 

Under what dnwnttaiioai only does dit iinfiig«iit laf mgln any W 
{MPDMion upon the iightt 

8 
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ray, when the angle S B M, figure 21., made by pro- 
longing the lines of the incident and emergent rays S P 
and M till they meet at and called the angle of 
dewiaium, is equal to 42° 2 . * 

This angle of greatest intennty varies however for eaek 
prismatic oi^or, being 40° IT m the case of the viofel, 
and increasing, for each hae^ from the violet lo the red. 

419. Primary 
Bow. If we consi- 
der P d L D, figure 
21., to be a section 
of a rain-drop; of 
all the rays that fall 
upon it from* any 
one jwitit in the sun, 
some, as S P, will so 
strike it. as to meet 
the eye of the observ- 
er (supposed to be at 
H) with ihegreaiest 




8KCTI0M OF A KAOf-OftOP. 

One Jiqfiectiqf*—tiBe Rffraetitm, 




* An angle is the opening between two fltndght Hnes that meet each other. 

Thus the opening between the straight 
liuea, A B and C B, which meet at B, is 
called the angle B, or the angle ABC; 
the letter at the point of meeting always 
being placed in the middle. The size of 
an angle is computed as follows. The 
circumference of any circle being divided 
into 360 equal parts, each part is called a 
degree; a degree being divided into 60 
equal parts, each part is called a minute; 
and a minute being divided into 60 equal 
parts, each part is called a secoiui. If 
now we take B as the centre of a circle, 
and describe the circumferenre, G E P, cutting the two lines, A BnndOB^ 
In any two points, a^ and b\ the nuiiuber of degrees, minutes and second! 
contained in the part of the circumference, E F, included between the two 
lines, A B and C B, gives the vnlue of the an^Ie, ABC. For exam tie, if the 
length of the circumference, G £ h\ was so gro&t that it measured 360 iacheiL 
and the part, E F, contained 40 inthea nnardne'Sixtietks of an inch, ABC 
would be angle forty degrees and nine minutes (40^ 9'). Degrees are derig- 
nated by the fbUowiog cltaracter, ^ j minutes thus, ' ; and seconds thus, '\ 

What ia tfao-angle of deHatkm for the red fay, when the greatest amomft 
•I light comes to the eyel 
What is the angle of.gnBlatC fntenrfty fn tiu tiofett 
Explain figure ZU 



V 
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possthh hritHanlt^ : makm!^ the nng\e S B M equal to 
42^ 2 J in the case of red light. If the line M O is now 
drawn parallel to S B, it may be regarded as a ray of 
the swn 'passmg through the eye of the spectator ; and 
fdnce all the rays of the sun are parallel to each other at 
the earth, the angle B M O will also be equal to 42^ 2\ 

420. The obsei-vcr then being placed with his back 
to the sun, and his eye at M, will receive the impression 
of red light from the drop P L Q, D, in the direction 
B M ; and not only from this drop, but also from every 
other drop, whose angular distance isook the line M O 
is, at that moment, the same. 

It is therefore evident, if we suppo!=;e tlie line M B to 
turn about M O. like the lefrs of a pair of compasses, that 
afl the points at ivJticli red light is sent lie in the cir- 
ciun fercnre of a circle whose centre is O ; and that 

am u /id ihis centre <m each of red light wiU appear in 
tiie heavens. 

421. The breadth of this arch will be equal to the 
apparent diameter of the sun, or about 32'; for what 
has been paid in regard to rays proceed in 5^ from an y mie 
point in the sun, viz., that some of them will reach the 
eye under the angle of greatest brilliancy, is equally 
irue of those which emanate from every paint of his disk. 

422. The explanation of the orii^in of the red arch is 
equally appiicabie to the l esL of the colored arches. The 
latter will be found, however, ^r^/oi^^ the former; for, 
since their angles of greatest brilliancy are each less than 
that of the red, tiiey must cousidt of portions of amaUer^ 
comentric circles. 

Thus, the violet arch can only be seen from drops below 
and m4hin B, when the light that meets the eye coming 
in the direction B* M, makes the angle B^ M O equal 
to 4lH 17'. Between the violet and red arches the other 
colored b(nvs will be seen arranged in tlie order of tiio 
spectrum ; the whole forming, by their uuion, the jpri* 
mary bow. 



Explain tho m inner in which the red arch is caused' What is its brcodtht 
Apply the same Miu<ie oi reasoning to the other colored arches* 
How is the primary bow formed I 
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Fig. 22. 




423. Secondary Bow. The secondary bow is form» 
ed when the sun's rays, enterinio^ the bottom of the drop, 
suffer two reflections from the interior surface, and 
emerging at the top, reach the eye of the spectator after 
two refractions. 

The course of the ray is 
seen in figure 22., where S 
E A is the incident ray, 
B and G the tico points of 
reflection, and D E H the 
emergent ray, supposed to 
meet the eye of the ob* 
server at H. 

424. So niHch light is 
lost by these successive 
changes in direction, that 
only at certain inchnations 
a sufficient quantity reaches 
the eye, from each of the prismatic colors, to produce 
the secondary bow. Its lints, after all, are faint com- 
pared with those of the primary. 

425. The violet light can only be seen when the 
angle of deviation S E H is 54° 9', and the red when it 
is 50° 69'. Suppose, as in the case of the primary 
bow, that H L is the direction of a ray from the sua 
passing through the eye of the observer, and making 
with H E the angle L H E equal to the angle of devia- 
tion. If then, the line H E revolves about H L, the 
spectator, with his back to the sun and his eye at H, 
will behold in the heavens, between the limits of 549 
9' and 50^59' di prismatic bow consisting of similar por- 
tions of seven concentric circles ; the violet arch assum- 
ing the highest position and the red the lowest. The 
other colors occupy intermediate places ; the greater 
their refrangibUity the greater their elevation. 



BBCTIO.N OP A RAIN-DROP. 

TtDO Reflections— t%eo Refractiona. 



Under what cireumstanees docf the eecondanr bow ooeur % ■ 

Trace the course of the ray in figure 22. 
What is said of the brilliancy of the secondary bow? 
What must be the size of the nnn^le of deviation that the violet light Cia 
%e seen 1 What the size thai the red ray may be visible 1 
Ho VI ie the secoadary bow foirmed 1 
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Fig. 23. 




426. The subject is 
further illustrated by 
the following fifjure, 
where the four parallel 
lines represent rays of 
the sun falling upon 
four drops of water, and 
O P the direction of an- 
other ray imagined to 
pass through the eye of 
the spectator, R O and 
V O are the red and vio- 
let rays of the primary 
how; R' O and V O 
the red and videt rays 
of the secondary ; and 
the positions of the red 
and violet arches of the 
two bows are indicated 

by the dotted lines. The other colored arches are 
found betwei^n the red and violet, following the order of 
colors in the prismatic spectrum. P is the centre of the 
rainbow. 

427. In the explanation just given, we have reasoned 
as if the rain-drops were stationary, which of course is 
not the case ; but this supposition leads to no error, 
inasmuch as the air is filled with rain-drops during the 
prevalence of a shower, and before one set of drops, by 
sinking too low, ceases to present to the eye the colors 
of the bow, another set has descended, taken their place, 
and is peiformiog their office. While the observer is 
ttaiianarp the rambaw is fixed in pasiiianf but the 
drops that give rise to its glowing tints are continually 
tkanging, 

428. Breadth of the Bows. The angular distance 
from the middle of the red arch to the middle of the 
violet in the inner bow, is the difierence between 42^ 



nhutnle fiurtber ftom fignre 23. 

Whf is the bow stattonary although tli» duofii m la HMlioa t 



ITt OPTICAL PHIIKOMENA. 

V and 40^ ir or 1^ 45' ; a quantity neatly equal to 
three and a half times the apparent breadih of the mm* 
This space is occupied by the remaining* five colored 

arches, and, as each is 32' in width, (Art 421,) they ne- 
cessarily overlap one another, and cause, by their mutual 
blending, an indistinctness in the boundary of the several 
hues. The two half-breadths of the red and violet 

arches added to 1° 45' give the whole width of the bow, 
which is equal to 2^ IT, or about four arid a kal/ times 
the apparent diameter of the sun, 

429. The breadth of the exterior bow, from the mid- 
dle of the red to that of the violet, is found in like man- 
ner to he 3® 10 — the difference between 54"^ 9 and 50^ 
59'. To this quantity 32' must be added to obtain. th« 
entire breadth. 

The interval between the bows, computing from th# 
red of the primary to that of the secondary, is 8° 57'. 
All these results, deduced theoretically, precistfy Offre^ 
with those obtained by actttal rneasurenmU* 

430l Position and Sizk of thb Rainbow. Since 
the centre of the rainbow is in the direction of the Una 
imagined to be drawn from the sun through the eye of 
the spectator, its position wiU evidently vary with that 
of the spectator, and Its size with the altitude of the sun. 
If this luminary is 42^ 2* above the horizon, the top of 
the inner bow wiVo^just visibh / but if upon the hori- 
zon, the bow wiU be a aemioircle, having an elevation 
of 42^ S'. If the observer, in the latter case, were upon 
the summit of a mountain, the arch would be somewhat 
greater than a semicircle ; since the line of direction 
from the sun through his eye, would strike the sky 
opposite, at a point above the horizon. 

Should a person happen to be upon a mountain, 
when the sun is high in the heavens, and a shower at 
the same time occur in the vale below, he will some- 
times peioeive a rainbow lomiiag a complete circle. 



State what la aaid in tetflfd to the breadth of tha bowa. 

^ What in raqieet to the poaidon and aiaa of Ilia ndabow; 
When aii4«iljs»4li«l«i baMIt 
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Such* are said by Ulloa to }>e frequently sem on the 
mountains of Peru above Qtuita ' % 

The foaming waters of cataracts are often spaiuied 
by richly tinted bows, caused by the nsiog spray, 'thesy 
are regularly seen at the falls of Schaohausen, on the 
Rhine, and at the cataract of Niagjsu'a. At Temi, in 
Italy, where the river Yetino rushes over a precipice 200 
feet high, a bow of rare beauty ia beheld. It appears, to 
a spectator below, arching the falls with its glowing 
tints, while two other bows are reflected on the rig& 
and hft - 

431. Rainbows in the North. Rainbows are 
sometimes seen at mid-day. On the 13th of Dec. 1847, 
at one o'clock, P. M., Prof. Ohiibtead beheld at Yale 
College an entire bow in the north. During the same 
week, the writer obeerved at Hartford a similar bow 
at nearly the same hour of the day. Such a phenom- 
enon can never arise, in the case of the primary bow, 
unless the sun*s altitude at the time is consideranly less 
than 42°, which only happens in the winter. 

432. Extraordi- 
nary Bows. Whenr 
the U^ht of the sun is 
reflected from the sur- 
face of tranquil wa- 
ter, rainbows of sin- 
gular form are at 
times observed. On 
the 6th of August, 
1698, Dr. Halley be- 
held, while walking 

on the walls of Chester, by the river Dee, a rainbow of 
the form represented in %ure 24, where A B O is the 
primaiy bow, DBF the secondary, and A H G C the 
extraordinary bow, cutting the secondary at H and CL 
Its colors were arranged l&e those of the primary. 



Give the instances of rainbows over cataracts. 

When can rainbows appear in tha north? 

Explain from figure 24. the eKtraordinaiy bow ieaabf HaflST* 
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433. The snn was shining c.early upon the cabn siir- 
fS'e of the river, and Dr. Hal ley discovered that the 
exiiaordinary bow was nothiiig more than the rest of 
tlie circle of which the primary was apart, bent upwards 
by reflf'diim from (lie water. 

A similar rainbow, formed by reflection from the river 
Eure, was beheld at Chartres, in 1G65 ; when a faint 
arch was seen crossing the primary at its summit. 

434. SuPERNUMEKART Bows. Archcs of prismatic 
colors are sometimes seeO) both vMhin the primary^ and 
wUkout the 9ecmdary bows, to which the name of 
supernumerary nr supplementary bows is given. 

435. On the 5th of July, 1828, Dr. Brewster three 
supernumerary bows within the primary, each composed 
of green and red arches. OiUside of tlie secondary a 
red arch was clearly seen, and beyond this a faiint green 
one. 

At Montreal, in September, 1823, three supplementary 
bows were noticed by Prof. Twining, within the piima- 
ry ; exhibiting however, only a single color, which was 
violet or rather a dull red. 

At Hartford, Ct», on the 5th of August, 1847, at sun- 
set, two supernumerary bows were seen by the writer, 
wittiin the primary, extending throughout the whole 
semicircle* The lirst, in contact with the primary, con- 
sisted of green and red arches, and the second of a sin- 
gle band of pale red light. 

Tfie most remarkable phenomenon of this kind, was 
that observed by the Rev. Mr. Fisher, in Durafrieshire, 
and related by Dr. Bi i wster, at a meeting-of the Brit* 
ish Association, in 1840. In this case the primary was 
attended by Jive supernumerary bows, and the secondary 
by three. iCaemtz remarks, that it is not easy to account 
for these supplementary bows in a satisfactory manner ; 
but according to Young, Arago, and others they arise 
i*om the action of the rays of light upon each other : the 
«rplanation however, is too abstruse to be here introduced. 

436. Lunar Bows. Rainbows ^ sometimes pro- 



Relate tha caaes given of superamnerary bowa. 



MiaAGS. 



duced by the light of the moon ; their occurrence, how- 
ever, is extremely rare, and their tints so very faint as 
to be scarcely pcrceplibie. One of the most brilliant 
ever beheld, was seen by Mr. Tunstall, at Gretna 
Bridge, in Yorkshire, on the night of the 18th of Octo- 
ber, 1782. It became visible about nine o'clock, and 
continued, with varyingr degrees of brightness, till past 
two. At fii St it appeal t'd as a distinct bow ivithout colors^ 
but afterwards the taus were very conspicuous and vivid, 
preserving the same order as in the solar bow, though 
paler; the red, v iolet j Rnd srrpen beins: the hri^rhfest. 
At twelve o'clock it attained its f^reatesi spleudoi. This 
phenomenon occurred thiee days before the muon was 
full ; during its contmuance, the wind was very high, 
and a drizzling rain fell for most of the time. 

Another bow was seen by the same observer, on tho 
27th of February, in the same year. The colors were 
tolerably distinct, but the orange appeared to predom- 
inate. A lunar bow with colors, was also noticed near 
Chesterfield, al)oiit Christmas, in the year 1710, and is 
described by Thoresby in the Philosophical Trausao 
lions. 



CHAPTEB lU. 

OF MULAaS. 

437; When a ray of light, proceeding from any ob- 
ject, passes obliquely out of one medium into another 
of a different density, it is refra^ed^ or bent from its 
course, ^C. 704,} and when it reaches the eye, the o6;eel 
is seen tn the mredion of the last refracted ray. 



Relate the fovf rul instances of lunar boWl* 
What is the subject of chipfcr third 1 

n whnt direction in an object seen, when the rays that como from it \» 
eye ta&i pass through media of diiTerentcteiumetl 
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438. Thus, if E 
representa th 
and 1-2,2-3 
ferent strata of the 



atmosphere, decreas- f*^^' 
ing in density from 1 i 
to 4, a ray of light | 
proceeding from the 
star S, and meeting 
the exterior stratum of 
the atmosphere at 4, itA 
will be successively 
refracted in the directions 4-3, 3-2, and 2-1 ; so that a 
spectator at 1 will not see the star S in its real position, 
but in the direction of 1-2 S'. For this reason all celes- 
tial objects, (unless in the zenith, where there is no re- 
fraction,) appear above their true position. (C. 703.) 
Thus, the sun and moon, for instance, at their appaieut 
rising and setting are actually below the horizon. 

439. The variations in the density of the atmosphere 
near the earth, produced by local changes in tempera- 
ture, occasion a similar displacement of terrestrial ob- 
jects ; this is ordinarily seen in the slight elevation of 
coasts and ships, when viewed across the sea, and is 
then called looming ; but to the more extraordinary 
phenomenon of this nature, the name o{ mirage has been 
given. When this phenomenon occurs, images of ships 
erect and inverted are seen in the air, delightful visions 
of tranquil lakes and verdant fields delude the fainting 
traveler of the desert, and sometimes, as in the case of 
lleggio, a noble city with all its splendid panorama of 
towers and arches, stately palaces and terraced heights, 
appears like a fairy scene upon the slumbering waters 
01 the sea. 



Explain the eiTect of atmoapherio nfimcUon fiom figure 26. 
YihaXl^ mirage 7 
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440. Instances. Ondiefffstof "••^ 
Augtist, 1798, Dr. Tince observed^ 
at Ramsgate, a TMsel in the dis- 
tance, the topmast only being visi- 
ble above the horizon, as at A, fig. 
26. Two complete images of the 
vessel were seen at the same time 
in the air, the one at C erect, and 
the other below at B inverted: 
between them a distinct image of 
the sea appeared at D E. The 
two images were still visible when 
the real sliip had passed entirely 
out of s^ight. 

441. Similar phenomena were 
noticed by Capt. Scoiesby in 1820, 
while navigating the arctic seas. 
In one instance he beheld from the 
mast-head eighteen sail of ships, at 
the distance of twelve miles ; one 
appeared taller than its actual height, another shorter ; 
and above several of the rest, inverted images were seen. 
In 1822, he recognized his father's ship, the Fame, by 
an inverted image of the vessel in the air. though it was 
subsequently found to have been at that time thirty 
miles distant, and sevetitcen miles beyond the horizon. 

442. During the late Exploring Expedition, a singii* 
lar instance of mirage was seen off Terra del Fuego, 
from the decks of the Yincennes and Peacock, and which 
is thus related. On the 17th of February, 1839, we 
had an extraordinary degree of mirage or refraction of 
the Peacock, exhibiting three images, two of which were 
upright and ominveri^ They were all extremely w^ell 
defined. The temperature on deck was 54° Fah., that 
at the mast-head 62° Fah. A vessel, that was not in sight 
from the Vincennes' deck, became visible, and the land 
was much distorted, both veriicaUi/ and hmizontaUy* 



Relate the aereial caws of miiagnb V 440— 446w 
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Oq board the Peacock, similar appearances were obeenr* 
ed of the Ylnceimee and Porpoise, There was, howevo*, 
a greater difierence between the mastrhead temperature 
and that on deck, the thermometer standing at 62^ Fah, 
at the mast-head) while on the deck it was but 60^ Fah.| 
beiog a difference of 12° ; that on board Ihe Yincennea 
differed only 8^** 

443. Simpson, while exploring the coasts of the north 
polar seas, in the summer of 1837, beheld a remarkable 
display of the mirage. As he rowed over the tranquil 
ocean, he seemed to be traversing a valley ; the waters 
apparently risiii^ on either hand, like the sides of a 
mountain, and the huge icebergs upon theii surface ap- 
pearing ready to topple down upon him. 

414. Dm iug the march of the French army over the 
sandy plains of Ks^ypt, many instances of tfie mirage 
occurred. The villages, situated upon small euiincnces, 
were successively seen like so njany islands in the 
midst of an extensive lake, and beneath each village 
appeared its inverted image. In the same direction, an 
image of the bine sky was seen, clothing the sand with 
its own brif^ht hues, and causing the wilderness to ap- 
pear like a rich and luxuriant country. So complete 
was the deception, that the troops hastened forward to 
refresh themselves amid these cool retreats; but, as 
they advanced, the ilkisioa vanished, ouiy to re-appear 
at the villages beyond. 

445. This phenomenon is so common on the deserts 
of Asia and Africa, that the Koran calls every thin<^ de- 
ceitful by the word serab, which signilies mirage. Tt re- 
marks, for example, that tlie actions of the incredulous 
are like the serab of the plain ; he who is thirsty takes 
it for water, and finds it to be nothing." 

440. While Baron Ifuinlmldt was at Onmana, he fre- 
quently saw the islands of Picuita and Boracha, appa- 
rently kanging in the air. and somefitne- with inverted 
images J and ai Mesa de Favonay cows were beheld 



Where does thll phenomenon frequently occur 1 
What toBHaw tie gl¥«n bf Hmnboidt and TechndAI 
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PceiniQgiy suspended in the air, at the distance of 2jl32 

yards. 

When Dr. Tschudi and his party were traversing a 
deep sandy plain, near the river Pasaniayo in Peru, 
they beheld the figures of themselves, ridiftg over their 
own headSf magnified to gigcaUic proportions. 

447. Fata Morgana. This name is given to an 
extraordinary optical phenomenon, which has been often 
seen in the straits of Messina, between the island of 
Sicily and the Italian coast. It has been described* by 
many writers, and, tiiough known for centuries, has but 
lately been considered as the effect of mirage. The 
foiiowitjLr is tlie description by Antonio Miaasi, which is 
regarded as the miosL correct. 

*^ When tlie rising sua shines from a pointy whence its 
incident, ray forms an angle of about 45 oa the sea of 
Reggio, and the bright surface of the water in the bay 
is not disturbed either by the wind or tlie current, a spec- 
tator placed on an eminence in the city of Reggio, with 
his back to the sun, and liis face to the sea, suddenly 
beholds in the water numberless series of pilasters, 
arches, castles well delineated, regular columns, lofty 
towers, superb palaces, with balconies and windows, ex- 
tended valleys of trees, delightful plairis with herds and 
flocks, armies of men on foot and horseback, all passing 
rapidly in succession along the surface of the sea." 

In a pecuhar state of the atmospiiere, w4ien its den^^e 
vapors extend like a curtain over the waters, the same 
objects are not only reflected from the surface of the sea, 
but are likewise seen m the air, though not so distinct 
or well defined, and if the atmosphere is slightly hazy, 
the images seen upon the surface of the water B.tQvivid^ 
ly colored or fringed with all the prismatic hues. 

448. But a most extraordinary mstance of the mirage 
» occurred at Hastings, on the coast of Sussex, on the 
- 2(>th of July, 1798. The chiYs of the iVench coast are 

Jifli/ ?mles disfa?it from {\us town, and in the usual state 
of the atmospherei are below the horizon and completely 



De8crib« the Fata Margaoa. 
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hid frmn view ; but on the day mentioned, at five • 
o'clock P. M., they were seen extending to the riglit 
and left for several leagues, and apparently only ajf^ew 
miles off. As the narrator, Mr. Latham, walked along 
the shore, the sailors, who accompanied him, pointed out 
and named the different places on tlie opposite coast, 
which ihey were accustomed to visit. By the aid of a 
telescope, oinall vessels were plainly seen at anchor in 
the French ii arbors, and the buildings on the heights 
beyond were distinctly visible. 

The Cape of Duiigeness, which at the distance of 16 
miles from Hastings, extends nearly two miles into the 
sea, appeared quite close to the town, and the fishing 
boats, that were saihng at the time between the two 
places, were magnified to a high degree. This curious 
phenomenon continued in its greatest beauty for more 
than three hours. The day was extiemely hot, without • 
a breath of wind. 

449. A remarkable mirage of Dover Castle, was seen 
by Dr. Vince and another gentleman, on the Gth day of 
August, IbOG, at Hamsgate. 

Flf.27. 




The summits, V xwy^oi the four turrets of the castle, 
(fig. 27.,) are usually seen beyond the hill A B, which 
lies between the castle and Ram^ate ; but, on this day 
not only the turrets were visible, but the whole castle, 
mnr appeared as if it were on the side of tfie hill 
next to Ramsgate. 



Relate the account of the mixage at Uastiogs, and of that at liauuf|;ate. j 
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Between the observers and the shore, from which the 
•hill rises, there was about six miles of sea, and from 
thence to the top of the hill the distance was about the 
same. Their own height above the water was nearly 
seventy feet. 

450. Origin. The cause of mirage has been par- 
tially stated J but the subject (lemands a more complete 
explanation. The phenomena mny be divided into three 
classes, viz. : those produced by refraction, those pro- 

*duced by re fraction and reflection conjointly ^ and those 
produced by rcf ertion only, 

451. The image of Dover Castle was probably pro- 
duced by refraction, simply : for the atmosphere gradual- 
ly^ increasing in density from tlic lofty heif]^hts of the 
casile to the level of the sea, the rays of ligiit proceeding 
horn the edifice, reached the eyes of the spectators in a 
curved line, like those which emanate from a star, (Art. 
438,) and tlie whole sti ucture therefore appeared to the 
observers above its true position. 

452. Phenomena, like tliose observed by Scoresby, 
are attributed to ' the combined influence of refraction 
and reflection. At such times, the stratum of air in 
contact with the sea is colder than that immediately 
above (Art. 442), and this hkewise colder than the next 
superior stratun), and so on. Consequently, to a certain 
extent, tlie density oi the atmosphere decreases with the 
distance from the oceanj and, under these circumstances, 
the rays of light from a ship may be so changed in 
direction, as they proceed through the air, that the ob- 
server will behold both erect and inverted images above 
the real object 

433* Erect and Intb&tei» Images above thb 
Object. The annexed fignre will aid us ia pmeiviug 
how erect images are caofled. 

What 18 Baid napeedng the catiw of ndngef 
Into what cla<*^r>9 may the phenomena be dMdodf 
Explain the mirage of Dover Captle, 

To what is attributed the phenomena of erect and inverted images abof 9 
dtle object? 

Whit li tbe itete of the atmosphere as regards temperature at such titOM? 
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Let D be a ship, seen in the horizon in its true posi* 
tion, by the direct rays n P, m P, coming to the eye at P, 
through the stratum of air of uniform density, lying be- 
tween the eye and the ship. Let l-2| 2-3, 3-4, &c., be 

Sarallel strata of the atmosphere, decreasing in density 
om 2 to 6 ; and n r and m rays of light, proceeding 
upwards from the top and bottom of tlie ship. As these 
rays at r and s pass from the first stratum mto the sec- 
ond, which is rarer, they are bent downwards, or from the 
perpendicular, according to a well-known law of optics, 
^C. 706,) and this change in direction continually occurs 
as they pass successively into strata still more and more 
rare ; until at last, as at x and v, they meet the next 
superior stratum so obliquely, that they are unable to 
enter it, and are then totally reflected from the lower 
surfaces of strata 4 and 5, at the points s and 

The rays, on their return, are now refracted dow7ir 
wards, or towards the perpendicular, (C. 700,) in pass- 
ing from the rarer into the denser media, and Converge 
to the eye at P, which sees the vessel in the direction 
of the last refracted rays. The ship D i?^ therefore 
beheld at by the rays Pr^ and P^^ ni^* 

Bxplabi fiwm ilgim28* tiM phenomenon of an trwd imago abovo At 
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454. In firriii e 28., the upper ray before reflection is the 
upper ray after reflection, and the image consequently 
appears erect ; but if, as in figure 29., the rays cross each 




OnriBTXD IMAOS ABOTS TBB OBJXCT. 



ifther before thejr reaeh^ the eye at then the image 
will appear invertedf as is evident from the inspectioii of 
the figure. 

Under peculiar ctreuinstanees it may happen, that of 
tvfo sets of rays, one from the top and the other from 
4he bottom of an object, some may cross each other 
before they meet the eye and some may not ; and then 
both erect and inverted images will be^seen at the ^me 
time, 

455. Magnified Im ages. The real object in figures 
28. and 29., is seen tli rough the horizontal strata, under 
the visual angle n P m. If Pm*, the angle under 
which the image is €een, is ^rca/er thann P the image 
will be magnified (C. 746) in the direction of its length ; 
and if an increa.se of the lateral visual angle occurs at 
the same time^ then the image will be likewise magni' 



Expltin fifom figme 29. the phenomaiMm of tn Inverted image above tiM 

object. 

When may hoik imagfshe at the time'? 

When may the image be magnified both vertically ana norwmkUtif 



fied m breadth^ aud wiii appear as if seen through a. 
telescope. 

Tlie mirage at Hastings was piobably due to this 
cause. 

That such a lateral displacement is possihle, is evi- 
dent fiom the remarkable mirage beheld by Messrs. 
Soret and Jui ine, on the Lake of Geneva, in Sept. 1818, 
and which is shown In figure 30. 




LATSXAI. XXKAaa. 



456. The curve ABC represents the east bank of the 
lake. A boat, with all her sails set, was at P, advanc- 
ing towards Geneva, and was seen, by the aid of a tel- 
escope, in the direction of G P, from Jurine's house, at 
the distance of six miles. As the hoat successively oc<^ 
cupied the poaitions M N R,a bt/ero^tniM'twas clearly 
seen at the corresponding points M' N' R, approaching 
with the boat, but appearing to recede to the left of G 
P, while the boat receded to the tight* When the sun 
shone full upon the sails, the image was visible to the 
naked eye. 



Descfbe tin bteial ninso aseii at Ctonm (flgun 90.), woA «qiUfai lIB 
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The direction of the sim's rays at tiie time of obser- 
vation, is shown by the arrow F D. 

457. This curious phenomenon is supposed to have 
been caused in the lollowing manner. The air at M N 
Rj iiad been in the shade all the morning, while that at 
M' IN' 11' had been warmed by the sun; the two por- 
tions therefoie were of different densities^ and the sur- 
face which separated tlie warm air from the cold was 
probably veiUcal. The rays of li^ht proceeding from 
the boat might, in this case, fall u})oa the vertical sur- 
face of the warm stratum as upon a mirror^ (Art. 461,) 
and being thence reflected to tne eye of the observer, an 
image of the boat would appear behind this surface. 
Thus, if L I O was a part of this surface, the ray M I 
from th© boat at M misfht be reflected from it in the 
direction I G, and an image would then be seen by aa 
observer ^t in the direction G I M'. 

458. Images below the Object. Illusions, like 
those which were seen by the FVe^h army, arise from 
a condition of the etmospbere exactly the revetse of 
that which occa^ons the images to appear ahoye the 

object 

Upon the arid plains of Aeiai and Africa, when the 
sand is intensely heated, the temperature of the air de- 
creases and' its density increases from the mtfa^e up • 
wards to a certain height, where it is nearly uniform. 
A ray of Ught, therefore, proceeding from an elevated 
object towards the ground, must necessarily pasa through 
strata of decreasing density, and will consequeiitly, upoi^ 
principles already ezplaioed, after a number of refrac- 
tions DO reflected upwards^ causing iriftages to be seen 
* Mow their objects. 

459. For the sake of Ulustrationi suppose (fig. 31.) that 
1*^ 3^, 4^-5, dpc, are atmosphenc strata decrease 
ing m density from the height, 6, to the surface of the 
ground at 1. Let D represent a palm tree, which is 
seen hi its true position by the ^e at thiouffh an 
atmosphere of uniform density. ' The rays of light e a, 



WhailttliMithe etate of the atnoBphevB^ in ^^Ipil^. Ill llllf^^ 
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e which proceed from the top and bottom of the Ireei 
in passing successively /rom denser into rarer mediOf 
will be constantly bent upwards^ until at last they suffer 
totai refieetim at y and x ; and then, crossing each 
other ^ are again reacted through the upper, strata con- 
verging to the eye at P. An inverted image D* will 
therefore be seen below the real object in the direction 
of the last refracted rays P 6* c* and P a' c*. 

460. The observer is led to imagine these images in 
the midst of a lake from the circumstance, that the as- 
cending currents of warm air^ mixing with the colder 
strata, impart a tremulous motion to the images seen » 
through them; and thus they appear to be agitated, as 
if floating upon a slightl;^ ruffled sur&ce. A difference 
of three or jour degrees in temperature is sufficient to 
occasion appearances of this kiad. 

461« Imaobb produced bt Reflection. It is proh? 
ahle that the mirage is sometimes produced b} rejlection 
onlfff as from a plane mirror^ and tne instance witnessed 



lUuBtrate from figure 3L 
« 
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by Oapt. Muncly whea tiavelUng in India, and thm 
related in his Journal| may have proceeded from thii 
cause. A deep, predpitoug valley below us, at the bot- 
tom of which I nad seeti one or two miserable villages 
in the morning, bore in the evening a complete resem* 
blance to a beautiful take ; the vapor which placed the 
part d water ascending nearly half way up the sides of 
the vale, and on its bright surlace trees anld rocks being 
distinctly refleded. I had not been long contemplating 
. this pbenomenotti before a sudden storm cane on, and 
dropped a curtain of clouds over the scene." 

The faia morgana is attributed to the refleeii6n of 
the rays of light from the surfiuse of the sea and vapor. 

462. The reflecting surfiice of a stratum of air may 
possibly at times possess a coftcaos/omii so as to present 
a magnified image of the object (C. 732.) In thu way, 
the gigantic images seen by T)r. Tschudi were probably 
produced ; the reflecting surfruse of the stratum <^ air 
being nearly vertical. 

4(3. Another instance of this kind occurred| during 
the last war with England, when Commodore Hardy 
was lying off Boston. . A figure of a saQor of a colossal 
size, was seen by his whole ship's crew reflected in the 
l^ea veils, during a peculiar state of the atmosphere. 

464 To the same cause must be attributed the ex- 
' traordinary phenomenon, which occurred in the parish 
of Migne in France, on the 17th of December, 1826. It 
was Sunday, and 3000 persons were engaged in the 
exercises of the Jubilee. As a part of the ceremony, a 
large red cross^ twenty-five feet high, was planted be- 
side the church, in the open air. Towards the close of 
the day, while one of the clergy was addressing the 
multitude, and reminding them of the miraculous cross 
beheld in the sky by Constantine and his army, a cross 
was seen at that moment in the heavens^ directly before 
the porch of the church, and at the height of two hun- 



Explain in what manssr images are proaooed by raflactioiL 

Are ihey ever mngnified 1 
How is this accouate4 fori 
Qi?6 instanoea. 
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feet afMyvft tfa^ pM^i.* lt» hae(h wi» ne^d^^y oM 
hutidred and forty £et, its breadth from three to foar, 
and it sbone with a bri^t sEvery hue, tinged wUh red. 

The adsemMed multitude were dtruck with aKre, manjr 
Yq;ardihg it ae a miracle, and such was the ccsftraordi* 
Ttriwy eensatioft pfroduced throughout the country, thait 
a committee wat( appointed to inratlgate this pheuome^ 

BOD* 

Frwn Ae circumstances detaited in their report k is 
«7idettt, that llie' cross in the sky was Ae magnified* 
image of the «ross before the church, and reflected froM 
iSke concave surface gf some atmospheric tmirror. The 
image possessed exactly the shape and proportions of the 
wooden cross, it was tinged with the same color^ and 
^he state of the iair at the time was favorable to thp for- 
•liiation of such images. 

465. Spectre of the Brocken. The gigantic 
spectre which is supposed to haunt the Hartz mountains 
in Hanover, and is seen at sunrise from the Brocken, the 
loftiest peak of the range, is produced in a different 
manner. It is in fact nothing more than the shadow oj 
the observer, cast upon the thin vapors then floating m 
the sky. The cut below represents the spectre, as seen 
by Mr. Uaue and another person, on the 23d of Mary. 

mr. 

Pig. 32. 




OTOTU OF TBS BROOKBN. 



Standing on the summit of the Brocken at sun*^ 

* 

jflow i0 the spectre of the Brocken explained? 
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tbey at first b€(held upon the traaspatent vapors oppo» 
site to the sun, two kuman figtirea of immense size 
which imiiated aU their gestures. la a short time they 
vanished) hut soon re-appeared, and were joined by a 
thirdy which likewise mimidBed evety nmiim and atti* 
tude of the observers. Simifar phantcom sm beheld over 
the lake of Killarney, in Ireland. 

A spectacle of this kind was observed by Baron Gros, 
Secretary of the French Legation-in Mexico, during his 
ascent ot Popocatepetl, in April, 1834. When he had 
attained a very great height, he.distinctiv beheld, on tlie 
morning of the Wth kt stditi&e, the ahaaow of the entiro 
volcano east upon the atmosphere. It. appeared as an 
immense cirde of shbde^ thtough which the whole coun* 
try below could be plainly seen, and was bounded by a 
vapor moving from north to south* As the sun rose the 
dbadow descended, becoming inbre and more transparent^ 
and in the space of two or three minutes was entirely 
dispersed. 

4GG. Artificial Mirage. The phenomena of the 
mirage have been artificially produced by Dr. Brewsterj 
i^ the following manner. 




A B C D, %ure 33., represents a trough with glass 
sides, A D, O B, and filled with water up to the level 
A B. If 4 hot iron is held near the surface of the water 
the heat descends, and a change takes place in the deu- 



Deicribe this pbenomcooii. 

WIttt pheDomenm wbb beheld Igr Baion Groal 

lb what manner may an attifiebl miiagie be pradnoedl 
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mty of the fluid, the density tncreasing from the s-urfaee 
to f he bottom. W iieii the heat has ahiiost reached the 
botiom, if a small object, as a toy-ship, is then placed at 
S, the eye at E will see an inverted iinage of the ship 
at S' and an erect one at S ': an appearance similar to 
the mirage observed by Dr. Yince. 



OHAPTSR lY. 

<IP OOSOITAB AUD B4XASf . 

467. Coronas. When light, gauze-like clouds float 
before the sun and moon^ their disks are sometimea 
seen encircled by one or more colored rinj^s, which 
are termed coronas or crounu^. This appearance is more 
frequently beheld about the luoon j for tneeye is usually 
too much dazzled by the brilliancy of the sun to discern 
tlie hues that suiTound its orb. To observe them with 
distinctness, they must be viewed by reflection from a 
blackened mirror, which tempers the vividness of the 
solar rays. 

468. If the coronas are complete, the rings are each 
coniposed of several concentric circles : the firpt, count- 
ing hoin the disk, is of a deep bhte^ the secoxui white^ 
and the third red. 

These three circles constitute the first ring. In the 
second the order of colored circles, reckoning the same 
wav, is purple^ blue, green, pale yellow and red. 

469. Rarely, however, are coronas thue perfect ; for 
more often blue mingled with white is observed near 
the disk ; this is followed by a red ring, its inner mar- 
gin clearly de^ed, but its outer limit blended with the 

Of what does chapter fourth treat 1 

What arc coronns'? 

Around what orb arc they most frequently seen? 
Whac is tht' ajiijcanmce of coronas whoD COOiptelS 9 
Are Uiey usually periect 1 
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Bucceedin^ circles. If beyond this, a second red ring 
is seen, a gieen circle occupies the interval between the 
two. Kaeintz discovered, tliat the distajice of this latter 
circle from the centre of the sun varied, according to 
the state of the clouds aud atmosphere, from one to 
four degrees, 

470. Origin. According to Fraunhofer, coroaas are 
caused by the diffiraf^Um light; by which is under* 
stood the change that a raff of light undergoes in pass- 
ing across the edge of an interposed hady^ in conse* 
^uence of which it is decomposed, into the seven primary 
colors, as if transmitted through a. prism* 

471. This effect may be seen if a ray of light is ad- 
mitted into a darkened room, tliiough a very small 
opening, as a pin-hole, and a knife-blade placed across 
the ray. If tne shadow of the blade is now received 
upon a white screen, frlfiges of colored light will be 
observed on each ^idc of the shadow, arranged in the 
order of the prismatic hues, com n ncing with the blue 
and terminating with the ? r / The manner in which 
coronas are produced by ditlra lion, requires a some- 
what extended explanation. If we cut a fine slit with a 
knife in a card, and view through the opening any lumin- 
ous object, as a candle, we stiall perceive on eacl^ side 
of the aperture a row of colored images^ which are those 
of the candle. Bach of these images pos;sesses all the 
colors of the spectrum, and the order of their tints is 
the same, the violet being nearest to the aperture^ and 
the red tlie most distant from it. 

472. The images will be more mmerous and brilliant, 
if instead of a single opening, a system of many apertures 
is arranged, equal in size, and equally distant from each 
other. This may be effected by ruling upon a piece of 
glass with the point of a diamond, Jj/ie, parallel, and 
equi-distant lines^ several hundreds in an inch. If in a 
darkened room we look throi:^ a plate of glass thus 



WiiaL ib ilic upinion of Fcaunho&r respecting the cauae of coKNaa* i 

Kxplain diffraction. 

How may Uiis phenomsnon be exhibited 1 

9 
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prepared, at a small opening in the window-shutter 
through which the sun-hght comes, a row of prisma^ 
images of this opening will be seen on each side of it; 
ihiir direction being perpendieidar to the lines. 

Thus, if figure 34. repre- 
sents such a plate of glass, 
the white lines being the ruled 
lines, and the aperture is view- 
ed through the point, L, a 
row of images will be seen on 
each side of L at the corres- 
ponding points, a a, b b, c c, 
and in a line perpendicular to 
the ruled lines. The tints 
are in the same order as in the 
first experiment, and are caused by the decomposition 
which the rays of lis^ht undergo in passing by the edges 
of the unruled intervals of glass. 

If another series of parallel lines is drawn at right 
angles to the first, a second row of colored images will 
start up in a direction 'perpendicular to that of the first 
images ; and, if the ruled lines in both series are equally 
distant from each other, the first set of images a a a a, 
will all be situated at the same distance from li, each 
one (hi the middle of the side of a square, wliosc centre 
is L. The same will be true of the second set b b b 
and so of the rest. 

If there were three series of ruled lines, equally in- 
clined to each other, they would form regiihu- six-sided 
figures or Jiexagons,din(\. the images would be found on 
the sides of hexagons as in figure 35., where the white 
dots represent the places of the images. 

473. Now it is evident, the number of series may be 
80 increased, that the figures formed by the lines shall 
have so many sides as not to dilfer essentially from 
mrdes ; and then the colored images would iotidt e<ich 



Show, by the aid of figures 34., 35. and 36., the peculiar maaDer ia 
urtiich dil&action operates bo as to produce coronas. 
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niheTf fotadng rings of pris- 
mm^ imageB aroimd the 
luminous point, the Ihte 
being the innermost color, 
and the red the cutermo^. 
Thus, for instance, if in fig- 
ure 35., the number of series 
was J90 multiplied, the larg- 
est hexagon would be chan- 
ged into the UmUk^ circlcy 
and the images, a a, 6 6, c c, 
d^c, would forth prismatic 
circles around L as a common 
centre. 




474 These rings appear in great beauty when a 
luminous obiect is viewea through a plate of ruled glass, 
the lines for£uig concentric circles, hundreds, and 
even thousands being contained in an inch ; the lit^anes, 
numher^ and brillianeif of the rings increasing with the 
fineness of the lines, and the narrowness of the trans* 
parent intervals, 

475. Similar prismatic rings are behdri, whenerer 
the transparent intervals through which the object is 
seen are grouped 8)rmmetrically around a point Thus* 
Fraunhofer, in looking at a luminous object throil^h a 
number of smaU glasp balls ci ecjual size, placed be* 
tween two parallel plates of glass, saw it surrounded by 
several colored circles or coronas. Nor is this surpris* 
ing, for the apertures between the balls through wnicb 
the liffht came, are arranged concentrically around a 
pdnt, like the transparent intervals in the case of the 
circularly ruled lines. This will be seen by a reference 
to figure 36., where the dark circles represent the baBsf 
and the light parts between them the intervals through 
which the rays come from the luminous object, which 
is supposed to be situated behind the figure. Now it is 
obvious at a glance^ if the eye b fixed upon B, that the 
intervids lie in the dreuntferences of drcues, whose com* 
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men t3nt7'e is the middle 
point ot B. If we look at A, 
the intervals are arranged 
around this bail in a similar 
way, and so of any other 
ball. In viewing, therefore, 
a bright object through the 
balls, it should ezhimt the 
s^me appearances as if seen 
Oi rough the dieuiarly ruled ...... 

glass, and thie is fcund to olas* ba^a 

beUiecaae. 

476. Now the globules of vapor, of which fogs and 
clouds are composed, are arranged In a similar manner 
tbreughout the atmosphere, aod act upon the light of 
the sua and moon las if they were so many small glass 
balla. When, tberafore, the rays of the moon, for in- 
stance, reacb ihe eye of the observer, after passing be- 
tween the particles of light, interposing vapors, he will 
often see her orb surrounded by beautiful earcnasj glow* 
log with the rieh colors of the spectrum. 

477. Oorenas are only seen whea the globules of 
vapor are comparatiyely feia, and are of eqiiai sia^ If 
tliey are too mmerms a dense cloud is Ibrmed, and the 
intervals being closed by the globules, no rays can pass 
through them. If they are jfew in mmber but differ in 
mze^ tam the internals are not sy mmelrifiaihf arrangedj 
and the sun or moon will anpear surrounded by a glory ^ 
or bright cu'de of white lignt. 

The distance of corosas from the luminous body is 
not always the same. The smaU^ thepartiekSf the 
greater is the diameter of the rings. 

478. When white clouds, having the form of the 
drro-cumulus, jQpat near the sun, bright, prismatic 
colors are often seen, by the aid of a bla&ened mirror, 



Wlicn are coronas only seen ? 
Wbat is the result when the particles of vapor differ in aixet 
Why will the rings vary in magnitude? 

What is said raspecting the edges of dno-cumulus and cumnliia doudib 
when pasahig near the sun and moonl 
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fringing the edges ihBt are parallel to llie imrizpn. The 
fringes are generally green within^ bordered by tWQ red 

If the air id pure, and the moon shines brightly, the 
light and broken edges of cumulus clouds, as they past 
near her disk, are sometimes seen in like manner fringed 
with prismatic hues, the purple tint being the neareH 
color, and the red the most distant. 

479. Anthelia. AntheJia are coronas seen by r<?/?ec- 
tioHj when the back of the observer is towciicJs the sun; 
and are so called from the Greek words anti^ oppositCi 
and helios, the sun. 

If the plain surface of the circularly ruled glass 
(Art. 474) is blackened, and the luminous object seen 
by reflection upon the ruled side, its imaf]^e will appear 
surrounded by colored rings precisely like those that 
encircle the object itself when viewcdi as in the first 
case, by transmitted light. 

In analogy to this, when the shadow of a person is 
cast upon a stratum of vapor, the head of the observerj 
under favorable circumstances, is seen surrounded with 
prismatic circles, 

480. A beautiful display of this kind was witnessed 
from the summit of Mount Lafayette, hfieeu miles from 
Mount Washington, on the 7th of August, 1826. In 
the afternoon of the day in question, two gentlemen 
were standing, upon tliis lofty cniiuence, a thunder- 
storm was rairing beneath them, and a sea of vapor shut 
out the vales from view. A li^ht luist was at this tinxi 
faUinsf, when suddeidy the sun burst through the clouds 
above, and the observers saw tlieir skadoirs resting upon 
the vapor hrforc them, their heads sinrounded with 
brilliant, prismatic rings. The circles were apparently 
ten or twelve feet in diameter^ perfectly defined, and their 
tints were exceediiigly rich and vivid. This phenomenon 
lasted for the space of twelve or lifteen minutes, when 
it gradually vanished. 

481. In the polar seas, when the stratum of fog that 



Deflno anthelia. Relate the lifUaitoesglvn* 
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rests upon the ocean rises to the height of aliont three 
hundred feet, a person, stationed upon the mast of a 
ship, eighty or a hundred feet above the water, perceives 
in the fog opposite the sun, one or more circles around 
the shadow of his head. They are all concentric ; 
their common centre being in the imaginary line drawn 
from the sun through the eye of the spectator to th t foi]!' 
beyond him. The number of circles varies from one to 
five^ and when the sun is bright, or the fog thick and 
low, they are usually numerous and highly colored. 

482. On the 23d of July, 1821, Scoresby saw four 
concentric circles around his iiead, with the series of 
colors arranged in the foilewing order : 

1st circle, wkUej peUcWy redf purple. 

2d circle, blue, green^ yellow, redj purple, 

3d circle, green, whitish, yeUowishf red, purple, 

4th dicie, greenish white. 

The colors of the first and second rings were very 
brilliant, those of the third faint, and only seen at inter- 
vals, while the fourth exhibited only a slight tinge of 
green. According to Scoresby, anthelia are always seea 
in the polar regions whenever fog and sunshine occur 
at the same time. 

483. Several philosophers have supposed that aii« 
thelia, or coronas opposite to the siin, are caused by 
the passage of light through frozen particles of vapor, 
but this phenomenon has frequently occurred, when the 
temperature of the air was so high as to preclude this 
idea. 

Thus Kaemtz often beheld anthelia upon the Alps, 
when the temperature of the air was 60^ Fah., at a 
short distance from the fog. Their explanation upon 
the principle of diffraction is the most satisfactory, and 
the truth of this theory is strongly cuu firmed by an ob- 
servation of Kaemtz, who, on one occasion, inal saw a 
corona when the cioud was between himself and the sun, 



What iB the opinion of some philosophers in regard toantheUal 
What objection can be urged against this Yiew9 
I . Wtuit &6t is Btatfid by Kasmts) 
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and then an anihciion from the satne cloud when it was 
opposite to the sun, 

HALOES. 

484. Haloes are circles of prismatic colors about tho 
snin and moon; they differ from coronas iu thre<; p.iitic- 
ulars ; first, their structure is often more complicated; 
secondly, tlieir diameter is greater; and thirdiy, the 
order of colors is reversed, the red being nearest the lu- 
minary. 

485. The several parts of this pin iioiiienon may be 
thus classified, 1st, Circles surrounduig the orb which 
occupies their centre. 2d, Circles^ pass'ui^r through t/ie 
orb. 3d, Arcs of circles touching' those of (he first class. 
4th, Parhelia aiid para^elence ox mock-su7is and mock 
mooiis, found at the points where the circles cross each 
other. 

4b6. Facts. The annex- 
ed figure repre^^ents a halo 
around the sun, observed by 
Scheiner, in 1630. In the 
cut, S is the sun, A R C a 
circle about 45° ip diameter, 
and D E F another circle, its 
diameter being nearly 95^ 
20', the sun being in their 
common centre. Both the 
circles were colored like the 
primary rainbow, but the 
red was next to the sun, the 
other colors succeeding in 
the natural order. D S P is 
a third whitish circle pass- 
ing through the centre of the sun, and H E G a portion 
of a fourth touching D E F at E. At A, C, D, and F, 
were mock-suns \ the same phenomena were seen at B 




What are haloes? 

How do they differ from coronas or crowns 1 
How are the several parts of the halo ckuMified) 
Diioibe the three haloes recorded. 
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491. For the sake of illustration 
we will suppose that A, figure 40., is 
A cryBtal of ice or snow/ having its 
refracting angle equal to 60*^, which 
is the usual angle of such crystals, 
and that S E and S P are parallel 
sunbeams, and B the eye of the ob- 
server. The ray, S P, passes through 
the crystal as through a prism^ and is 
decomposed into its original colors, 
J the greatest amount of prismcUic 
light reaching the eye when thean^^e 
of (h viationf S E R, is about twenty- 
two degrees and a half, 

492. Now, it is well known, that 
in cold weather the air near the earth 
is often filled with fine needle-shaped 
crystals of ice; and that in the higher regions of tho 
atmosphere, above the limit of perpetual coogelalioOi 
crystalized vapor exists in summer as well as in win- 
ter. (Art 237.) 

493. If we then suppose a stratum of ice-crystals 
floating in the air so thm that the sun is distinctly seea 
through it, though veiled as by a slight mist; an ob- 
server will behold this luminarv encircled by rings of 
colored light, proceeding from those ciystals whos^e an- 
gular distance from the sun is about twenty-two degrees 
md a half. 

The diameter of this circle or halo, will of course be 
nearly 45®, and the red tint will be neor^to the sun since 
it suffers less refraction than the Hue. 

494. It might be objected, that the crydtals of snow, 
when floating in the air, would not naturally assume 
buch positions as to refiact tlie light j)ropri!y to the 
eye; but it can be proved by ligorous calculations, that 
if the vast ninnber of crystals which compose the stra* 
tum^ take every jjonsible position, one-half ul llie sun- 



How iB the objection answered, that the crystals of ice would not na* 
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light will pass through them ; and that one-third of the 
transmitted rays will reach the eye within a range af 
me and a half degrees^ viz., when the angle of deviaiion 
S E R varies from 2P 60' to 23° 22'. 

Such is the theory in regard to the origin of the crdi' 
nary hcdo, and the probability of its truth is strength- 
ened by the &ct| that fine crystals of ice are known to 
produce curves and circles of prismatic light. 

495. On the 23d of March, 1845, Prof. Snell, of Am- 
herst College, beheld a roost beautiful phenomenon. As 
he stood lacing the sun, which had just arisen, he ob- 
served upori the dead grass before him a curved, hori- 
zontal band of light, three or four feet broody glowing 
with all the colors of the rainbow.' The top of the 
curve was twelve or fifteen feet distant, while the two 
branches extended several rods to the right and left. 
The long spires of dead grass were fringed with frost- 
crystals, and the- cause of this briUiant arch was justly 
attributed to the refraction of the sun's rajrs as they 
traversed these minute prisms. 

496. If a distant light, as a street-lamp^ is viewed 
through a pane of glass upon which the vapor of a room 
has crystalized, two or more fine haloes wXL be distinctly 
seen surrounding the luminous object. The same ap- 
pearances are presented to the eye if we substitute a 
plate of glass upon which a few drops of a saturated 
solution of alum have rapidly crystalized'. 

497. ExTKAORDixAiiv Halo OF 90°. The halo of 
ninety degrees is also supposed to be owing to the re- 
fraction of light through crystals of ice or snowj the 
crystals being six-sided prisms. (Art. 283.) 

498. CiRciiES PASSING THROUGH THE SuN. These 
are often highly colored, and when the sun is near the 
horizon, a portion of a vertical circle sometimes pre- 
sents the appearance of an upright, luminous column. 



What facta are stated to show that minute ice-crystals can pr»duc« 

haloes 1 

How is the halo of ninety degrees eaniedl 

Wbal is Slid rsspectiag the drdss pessiog tbrough the siiiil 
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JMany years ago, on a very cold morniiitc, there weie 
Been at Wer^t Point, above the sun, vertica.1 columns of 
liij;ht of exceeding splendor, tinted with all the pris- 
matic co/or5, and surpassing in briliiaiicy the iiues oi the 
rainbow. A similar phenomenon was obsei ved at ilie 
same place, by Prof. Twining, on the 5th of Jan. lbi>5 j 
but the prismatic tints were wanting. 

On the 2d of January, 1586, an extraordinary display 
of this kind was seen by Roth, at Cassel. Before the 
sun rose, an upright column of light illumined the sky, 
at the point where the sun was about to appear. Its 
breadth was equal to that of the sun, and it glowed like 
a vivid flame. An image of the sun next appeared so 
brilliant as to be taken for the orb itself. This was 
immediately followed by the true sun^ which was di- 
rectly succeeded by a second image. The luminous 
column with its thr^ suns was visible for (he space of 
an Aour; the three suns were exactly similar, only tho 
trm one was th« brightest 

499. A similar phenomenofi was observed on<the2Ul 
of February, 1847, by Lieut Abert and his party, da- 
ring their exploration of tfew Mexico, and is thus de^ 
scribed by Abert in the official report of the expedition : 
The snow had heaped up around the rest of the tents 
so that the inmates were obliged to desert them, and 
take refuge in the wagons. About mine, the wind had 
swept in such a way as to keep open a path around it 
although the snow was on a level with the ridge-pole of 
the tent. We now broke up some boards that were in ibe 
wagons, and kindled a little fire. Soon the sun rose ; 
but, instead of one sun, we had three ; all seemed of 
equal brilliancy ; but, as they continued to rise, the mid- 
dle one only retained its circular form, while the others 
shot into huge columns of fir which blended with the 
air near their summits. The breadth of the columns 
was that of the sun's apparent diameter, and their height 
about twelve times the same diameter; they were be- 
tween twenty and thirty degrees distant from the sun. 
Before the sun had ris^ more than ten degrees the 
phenomenon entirely disappeared." 
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500. The origin of these circles, as well as of those 
which belong to the third class^ is attributed to the 
action of snow-crystals upon the rays of liglit, and phi- 
losophers have discovered much ingenuity in framiug 
hypotheses to account for these phenomena. 

501. Parhelia and PARASELENiE. The images of 
the sun observed in haloes, are called parhelia^ from the 
Greek words pare^ near, and heliosj the sun; while 
those of the moon are termed paraseleruBj frim p^rtz^ 
near, and seUna^ the moon : they have also received the 
names of mock-suns^ and mock-moons. These images 
are found at the intersection of the different circles, and 
are formed by the accumulation of light at these points. 
That such an increase of light occurs is obvious : for 
if two equally bright circles cut each other, the place 
trh^re they cross will be twice as bright as the circles 
themselves. The parhelia and paraselensB are tinged 
with the colors of the ordinary halo^ and have frequently 
appended to them a waving stream of light. 



What ii said u to their oilglii ) 
What are piifadb and panaeloMll 
In what manner WPS thflgrpnadnonl I 
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502. Meteorites are those solid fiery bodies vliich 
from time to time visit the earth, sweeping through the 
sky with immense Telocity in every direction, and re* 
maining visible but a few moments ; they are generally 
attended by a luminous train, and during their progress 
explosions usually occur, followed by the faU. of stones, 
to which the name of airoHtes is given, from the Greek 
woids a^r, atmosphere, and lithoSy a stooe. 

503. Facts. At noon, on the 7th of Nov. 1462, at 
Knsislieim, in Germany, a loud explosion was heard in 
the air, and a stone seen to fall which buried itself deep 
ill the earth. It weighed 260 Ihs., and by the order of 
the Emperor Maximilian, was suspended in the church 
al Ensisheim, where it remained until the French revo- 
lution. A portion of it is now in the Parisian museum, 
and another in the Imperial Cabinet at Vienna. 

On the 21st of June, 1635, a Jiery mass wsls seen 
passing over the Veronese territory with such velocity, 
that the eye could scarcely follow its motions. Loud 



What is the subject of part sUthl 
What of chapter first 1 
Define meteorites. 
What are aerolites 1 

ndite Ilia Bcooimt of tiM mttooilta of Eniiohrinh 
Of that of TeioiM. 



Digitized by Google 



♦ 



msteoiAes. 207 

explosions were heard, and a large stone fell n^r the 
Benedictine Convent, about six miles fi'om Verona. 

504. At half past six o'clock, on the* morning of (he 
14th of Dec. 1807, a meteorite was seen rushing from 
north to south, OTer Weston, in the State of Connecti* 
cut; its apparent diameter being equal to one-half or 
two-thirds^ that of the full moon* As it passed behind 
the clouds, it appeared like the sun through a mist, and 
shone with a mild and subdued light ; but when it shot 
across the intervals of clear sky, the glowing body 
flashed and sparkled like a fii;ebrajid carried against the 
wind. Behind it streamed a |9aZe, Imnimma trairij taper- 
ing ia form, and ^en or twelve timesaslong as itsdiamr 
eter. 

The meteorite was visible for the space of half a 
minute, and just as it vanished gave three, distinct 
bounds, Ahout thirty seconds after its disappearance, 
three heavy explosions were heard, like the reports of a 
cannon, succeeded by a loud, whizzing noise. Directly 
after the explosions, a person of the name of Prince 
heard a sound resembling that occasioned by the fall of 
a heavy body, and upon going from the house perceived 
a fresh hole in the turf, at die distance of twenty-five 
feet from the door. At the bottom, of the hole, two feet 
below the surface, an a^olite was discovered which 
weighed nearly 35 pounds. 

Another mass, which was dashed to pieces upon a 
lock, was Judged, from the fragments collected, to have 
weighed two hundred pounds. Other aerolites fell in 
various parts of the town. The stones, at the time of 
their descent, were hot and crun^ling, but gradually 
hardened upon exposure to the air. 

505. At Futtypore, in India, on the 5th of Nov. 1814, 
a meteorite was seen, shortly after sunset, shooting 
swiftly towards the north-west It appeared as a blaze 
of light surrounding a red globe of the apparent size of 
the fnoon. As it proceeded on its course, loud explo- 
sions were heard, resembling the sound of distant artil« 
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lery, anil a stone fell^ which, in its descent, emitted 
sparks like those proceeding from a blarks mil h's forge. 
When fust discovered, tlie aerolite was Ao^, and ex- 
baled a stronsT sulpluii ous saielL 

On the 11th of Dec. i836, just before midnight, a me- 
teorite of extraordinary size and brilliancy was seen 
over the viilage of Macao, in Brazil, traversing a cloud- 
less sky. It burst with a sharp, loud noise, and a 
shower of stones fell within a circle of ten leagues. The 
aerohies varied in weight from one pound to eighty^ and 
descended with such force as to break through the rooi^ 
of houses, and bury themselves deep in the sand. 

506. Dr.Clialdni has compiled an extensive catalogU5 
of instances when meteorites have been seen; from 
which it appears, that these extraordinary bodies have 
been noticed from the earliest ages, and m all parts of 
the world; and, since attention has been drawn to tlie 
subject, scarcely a year now passes \\ uliuut oue or inoie 
weU-altested cases of the laii of aerolites. 

607. SizB OF Mbtsoritbs. We must not oonfoand 
the magnitade of the meietnit^ with that of the aUroiUe , 
for the latter ii nothing more than a fragment thrown 
oSt from the former and foiling to the earth, while the 
main bodf sweeps onward in its eouree. 

The diameter of the Weston meteorite was computed 
to be 300 feet, and that of the meteorite observed by 
Mr, Gavallo, at Windsor, on the 18th of Aug. was 
calculated by this gentleman to* be no less than 3210 
feet, or m<nre. than three-jyths of a imle. Mra Somer- 
Tiile mentions one that was estimated to weigh nearly 
600,000 tons. 

508. Altitude. The Iieiirhtof meteorites above the 
earth fias been estimated, and found to vary from 18 to 
TO*oi 90 miles. Accordinof to the calculations of Dr. 
Bowditch, the meteorite of Weston approached within 18 
miles of our globe, and one meutioued by Mrs. Somer 
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ville, ca^ne within the distance of 27) miles. An *n 
stance is given by Dr. Halley ol a nieieonie that cxplou- 
ed at an elevation .of 69 miles, with a repoi t like that of 
a cannon. 

509. Velocity. The velocity of these bodies is gen- 
erally somewhat more tlian 300 miles per minute, though 
iiiaiiy cases have occiin ed of far greater speed ; the nie- 
teorite just mentioned, that came within 25 miles of our 
earth, moved at the rate of 1200 miles per minute. 

510. 11 a body in the atmosphere is seen at the same 
time by two observers upon the earth at (liffcrcnt sta- 
tions, and its angular elevr^tion taken at both stations ; 
its height in miles and feet is easily ascertained by the 
aid of trigonometry, when the distance between the two 
stations is known. If the body is in motion, and its po« 
sition noted at the moment oi its appearance and disap- 
pearance^ the distance it travels in this interval, or tne 
length of its visible path can be obtained, when its height 
has first been computed. The speed is ascertained by 
dividing the length of the visible path by the number of 
seconds during which the body is seen. The Tnagni* 
tvde is easily obtained by trigonometrical calculations, 
when the distance of the iM>dy and its angulai' diameter 
is known. In this manner computatioos are qoade upon 
meteorites^ shfioting-stars and tne aurora borealis. 

511. From t^eir sudden appearance and extreme ve« 
locity, all observjitions upon these phenomena are liable 
to great inaccuracy, and estimates of magnitude, velo* 
city, and heigh^ derived from such observations must 
be received with much allowance, and are to be regard- 
ed only as approximations, more or less near to the 
truth. 

ASSOXJTXS. 

513. Form. The greater number of airolites, ao- 
cording to Schreibers, have always the t^mie general 
form^ which is that of an oblique or slanting pyramid. 

In what manntir are calcuhHona made leapecting the size, altitude^ "P*^ 
Ae., of bodks high above the earth ? 
What is said as to estimates of ^ Und 1 
What is the fonn and exteniftl appeaiance of aAnditeif 
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They are also alike in external appmrance, presenting 
to view a black, shining cnusi, as if the body had been 
coated with pitch. This crust is not greater tluiii tlie 
two-hiindredrli p:ii t of an inch in thickness, its composi- 
tiuM is Idenlimi with that of the ??iass, it bears the mai ka 
of fusion, and strikes fire with the flint. When broken, 
tiie surface of tlie fracture displays the color of an ash- 
grey. 

*' Distinct aerolites," says Berzelius, the celebrated 
chemist, " ara frecjuentiy so like one an tiiier in color and 
external appearance, that we might believe them to hav« 
been struck oyt of one piece.'* 

513. Composition. According to Berzelius, aerolites 
consist of eighteen elementaiy substaDces. A nine- 
teenth has since been discovered, and perhaps two others. 
They are remarkable for containing maUe€tble metaUie 
iran, virfrely and chrome. Their specific igravity varies 
from 3.35 to 428. 

614. These common characteristics indicate a cowi- 
monor^g^,and this we are led to seek beyond the earth, 
inasmiidi as the composition of aerolites is totally dif* 
ferent from that of any ?tony mass, forming a part of the 
crust of the globe. Malleable metallic iron is rarely^ if 
ever^ found in terrestrial substances, nickel is extremely 
scarce^ and has never been' discovered on the surface of 
the en rth ; and diTome is, if possible, stiU more rare. 

515. It sometimes happens, though seldom, that the 
aerolite consists almost ^entirely of rneiallie iron. On . 
the 26th of May, 1751, a meteorite burst with a tremen- 
dous report, over Hradschina, in the district of Agram, in 
Upper Sclavonia. Iheo fragments were seen rushing to 
tlie earth, the largest of which struck deep into the soil. 
This mass weighed 71 lbs., exhibited evident traces of 
fire, and, upon being analyzed, gave, out of every 100 
parte, 95.5 oiiron and 3.5 of tmkeL A portion of tbi 
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iron being finely polished, and corroded with acids, a 
most beautiful crystaline structure was revealed, branch- 
ing in every direclion over the surface. This peculiarity 
Delongs to most of the specimens of the iron of nietje- 
orites. (See Fig. 41.) 



Fig. 41. 






CRY8TALINB 8TRUCTURB Or TUB M£TBORIO IRON OF TBXAS. 

(Copy of an Imprestion taken from the Iron.) 

516. Meteoric Iron. Frpm the peculiar constitu- 
tion and structure of aerolites, we are enabled to detect 
the meteoric origin of masses of iron which are occasion- 
ally found scattered over the surface of the earth, in all 
quarters of the globe. For since they possess the same 
elements as the iron of aerolites, combined in the same 
manner, and as no such masses have eyer been taken 
from mines, we must necessarily conclude, that they were 
once exploded from a meteorite, though no record exists 
of their fall. 

617. Humboldt relates, that in Mexico, near the envi- 
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rons of Durango, is an enormous mass of malleable iron 
and nickely which possesses exactly the same compasi' 
Hon as the fragment that fell at Agiam. 

A mass of metallic iron, weighing 1544 lbs., was dis- 
covered by Prof. Pallas, in 1771, at Krusiiojark in Sibe- 
ria. It was regarded by the Tartars as a sacred ob- 
ject, and accortling to their traditions had fallen from 
heaven. 

The famous mass of malleable iron which was found 
in Texas in 1808, and 16 now iu the cabinet of Yale 
College, weighs 1635 lbs. It contains iiickeL 

518. During an expedition in South Africa, Sir James 
Alexander diifcovered, near the Great Fish iiver, a con- 
siderable tract of country, over which fragments of mC' 
tallic iron were scattered in profusion ; a specimen 
analyzed by Sir John Herschel, was found to possess 
nickel^ thus proving conclusively the meteoric ongia of 
the masses. 

519. Origin of Meteohites. Natural philosophers 
have advanced five hypotheses, to accouat for the oriffia 
of these extraoAinary bodies. ^ 

Is/. TTuiU theff are sjecied from terresiriatfwlc^^ 

2dU HuU they are produced in the atmosphere^ being 
formed from the g^eee exhaled from the earth. 

Zd* jTiat they are thrown from hmar voleanoes. 

Ath. 77UU they are terrestrial comets remdvvng about 
the earth Uke the moon. - 

BthJ That they are celestial bodies revolving about 
the sun Uke the platiets, mul encountered by the earth 
in its annual progress. 

620. First Hypothesis. The first supposition can- 
not be maintained, since it is impossible for the volca- 
noes of the globe to hurl to the height of twenty miles 
masses of the size of meteorites ; t^sidesi the composi* 
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lion of the latter is entirely different from all volcanic 
products. 

521. Second Hypothesis. The second is likewise 
untenable. Nickel^ according to high chemical au- 
ihuriLies, has never been raised in vapor; even under 
the intense heat of volcanoes. A mass of niatter formed 
in the air, must therefore be destitute of nickel, an ele- 
ment which meteorites invariably possess. Moreover, 
such a body, in its descent, wo aid fall perpendictilarlp 
to the ground by the action of gravity, and not sweep 
along, as did the Weston meteorite, in a direction nearly 
parallel to the surface of the earth. 

622. Third Hypothesis. In regard to the third hy- 
pothesis, it has been shown, by calculations of La Place, 
and other eminent mathematicians, that a mass pro- 
jected from the moon, with a velocity of 10,660 feet per 
secoTidy would pass beyond the point of the moon's at- 
traction, and either fall Lu the globe in the space of tw^ 
days and a half by the force of gravity, or revolve 
about the earth like tiie m oon. It is not therefore fm- 
possible, that such an event might occasionally occur, 
Dut it is utterly improbable that meteoriites origiaale ia 
this niauDf^r. 

523. Omitting other objections to this hypothesis, the 
mze and number of meteorites constitute an insupeiable 
difficulty. It requires a strong faith to believe, that such 
masses, as have been described, could be hurled from a 
lunar volcano, at the rate of not less that 10,000 feet per 
second ; a speed five times greater than the highest ve- 
locity of a cannon-ball. 

624. The number of meteorites must be also very 
Pfreat ; for they have been seen from the earhest ages 
and in all inhabited quarters of the globe occasionally 
traversinqf tiie lieavens, arid llioso which have been 
noLiccd are probably only a part of the actual number 
that have visited the eai th. Many must liave passed 
unseen over the broad expanse of ocean, or crossed vas* 

What to Uw wdeotA% 
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What argomeats asainat it 1 



Digitized by Go '^v^i'- 



LUMINOUS PHENOMENA. 



tracts of uninhabited lands, leaving no tra4» of their 
existence, except those masses of meteoric iron, whicsi 
from time to time are brought to light If therefore the 
lunar theory is adopted, we can scarcely avoid the con,- 
dusion, that the. moon has been ejecting for ages, so 
many^ and such vast masses of matter, as mast have 
sensibly diminished her bulk, and occasioned .derange* 
ments in her system — ^results at variance wUh aU obser 
vatians, 

525. Fourth Hypothesis. The fourth hypntbesis, 
which is ihcit of President Clap, of Yale College, allbrds a 
more reasonable explanation of the phenomena. of these 
extraordinary bodies tiian any of the preceding^. Under 

. this view the earth is supposed to possess a system of com- 
ets hke the sun. The solar comets revolve about their 
primary in very extended orbits ; at one part of the 
course approaching so near the sun as almost to strike 
its surface, and during the remainder, sweeping far out 
of sight beyond the path of the planets, continuing 
invisible for t/ears and even ages. In like manner rne- 
teorites are supposed to revolve about the earth; their 
size and periods of revolution being proportioned to the 
smallness of their primary. Moving also in very ellip- 
tical or oval orbits, they are too distant to be visible 
during the greater part of their course, but at one point 
of their path approach very close to the earth, and entei 
its atmosphere. 

On account of the immense velocity of the meteorite, 
the air is imagined to be condensed before it to such a 
degree, that heat is evolved of sufficient intensity to 
inflame the mass at its surface, while during this com- 
bustion gases are generated, which by their expansive 
energy, produce explosions. By the strength of this dis- 
ruptive force, glowing fragments are detached fronr. the 
surface and fall to the ground, while the meteorite itself 
passes onward on its course. 

526. It has been calculated, that the velocity of a 
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body revolving about the earth m-Qst not be less than 
300 miles per minute, nor greater than 420. Were it 
less than 300 miles, the mass would fail to the earth by 
the action of gravity ] and if the rate exceeded 420 
mileSy it would pass awa^ from the globe and never 
return. Within these limits, allowance being made for 
the motion of the earth in its orbit, and the resistance 
of the air, the body would revolve around the earth like 
the mooQ, approaching very near to its surface at stated 
periods. 

527. In support of this hypothesis it is urged, that the 
Telocity of meteorites, in general, is somewhat more thad 
300 miles per ifiinuie, though doubtless cases have oc- 
curred in which their speed was far greater. 

The combustion of the meteorite, uirough the agency* 
of a condensed atmosphere, is by no means improbable ; 
for though the medium in which it moves is exceedingly 
rarefied^ yet the velocity of the body is amazing; and 
it can easily be shown by calculation, that from the 
condensation thus effected, an intensity of heat would 
be developed of which we have no conceptioiL (Art. 
551.) Moreover, as silica, magnesia, and potassa are 
found in meteorites, it has been conjectmed, that they 
may originally exist there in the state of pure metals; 
and, that when the meteorite enters our atmosphere, 
combustion arises from the extraordinary affinity of 
these substances for oxygen. 

In those instances where meteorites move at a 
greater rate than 420 miles per minute, they are sup- 
posed either to revolve about the sun, and that the earth 
occasionally meeto them in her annual progress ; or to 
wander through space, until they come within the supe^ 
rior attraction of some other orb^ and are then com- 
peUed to revolve around IL 

What calcttlatiOB has been mode in iwpeetto ft body fVTolving about 
tha earth? 

What Acta and anggaatlonB are adduced in aupport of Praa. GSap^a hy^ 

pothcsie? 
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1528. Fifth Hypothesis. Tbe1ait1i3rpothesisisthat 
of Chaldni, and is explained in Art. 555. In this the 
tuition and esplosio?! of the meteorite are attributed 
to precisely the same causes as those assigned in the 
fourth hypothesis. 



CHAPTBB n. 

529. Shooting-stars or meteors differ fiom meteorites 
in sevcial particulars. They commonly possess a supe-' 
rior velocity, and llieir altitude is ^euerally greater : 
bursting fioai the clear sky, tlicy dart along the heaven 
like a rocket, coiisii//iiiig themselves in their course, and 
kaving behind a luminous train, which graduaily van- 
ishes in a short lime. Unlike the meteorite they usually 
pass away without any explosion, and 7io portion of the 
body ever readies the earth. Besides, they are far more 
numerous and frequent ; appearing almost every night, 
and at times descending in ?«uoh multitudes that the heav- 
ens are illumineil for hours wiUi their glowing trains. 

530. Altitude. In order to inveetigatt; tiic phenom- 
ena of shooting-stars, Brandts and Rfuzcnberg, two 
German philosophers, made a series of sunuitaneous 
observations in tln' fall of the year 1798. On six even- 
ings, Itf'tween September and November, 402 shooting- 
stars were beheld, and of these twenty-two were so 
identified, that their altitudes, at the moment of their 
extinction, could readily computed. They were found 
to be as follows : 

7 disappeared at altitudes under 45 miles. 

9 " " between 45 and 90 miles. 

6 o^ove 90 miles. 
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The least and greatest elevations were sis miles and 
9ne hundred and forty* 

631. Ill 1823, the investigation was renewed by 
Brandes, at Breslau and the neighboring towns, on a 
more extended scale. Between April and October, ld(X> 
shooting-stars were seen at the ditferent stations. Out 
of tills number, 98 were observed simultaneously at 
«more than one station, and afforded the means of esti* 
mating their respective altitudes. The results were as 
folio wb: 

4 disappeared at altitudes under 15 miles. 
15 ^ *^ b^ween i«( and 90 miles. 

22 « « « 30 « 46 « 

33« « «46«T0« 

13 « « 70 « 90 « 

11 « « eAmfs 90 ^ 

Out of the last eleven, ^wjo vanished at an elcvatioR 
of 140 mile», a third at 220 mjles, a fourth at 280 miles, 
and fifth at 460 miles. 

The height of four shooting-stars noticed by Profes- 
sors Loomis and Twining, in December, 1834, varied 
from 54 miles to 94. 

532. Similar observaLions were made in Switzerland, 
oa (he 10th of AuL:;urft, 1838, b}' Wartman and oiheis. 
A paiL of ilie ubseivcrs ytatioiied tiictnselves at Geneva! 
and the rest at Pianchettes, a village about sixty miles 
to the north-east of that city. In the space of seven 
hours and a half, 381 f^liontiner-stars were seen at Gene- 
va, and in five hours and a half 104 at Pianchettes. All 
the ciicuni:3tances allending llieir appearance were care- 
fully noted, and their average lieigiiL wa^j cumpuled at 
Jive hundred and fifty miles. 

533. Velocity. In the first series of observations 
made by Brandes and Benzenberg, only tiDo shooting- 
stars afforded the means of defennining their speed; 
one possessed a velocity of 15U0 miles per minute, and 

Give those of Loomia and Twining. 
Give those of Wariiuan, at Gent v a. 

Wlwt Is Ihetr Tttlocity aooordiag to tlw obwnraltoiii of Bnndes aal 
Bemenbcrfc and Qtufltdci 7 
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that of the other was between 1020 aud 1260 miles per 
minute. 

In the second series, undertaken in 1823, the estimat- 
ed rate of motion varied between 1080 aud 21G0 milea 
j>er minute. At Belgium, in 1824, M. C^iiietelet obtain- 
ed observations upon six of these singular bodies, from 
which he was enabled to deduce tiieir respective veloci- 
ties, which were found to range from 600 to 1500 miles^ « 
per minute* 

634. Course. Of thirty-six stars, whose paths were 
' ascertaiaed by Brandes, the motion in twenty-six cases 

was downward^ in one hurizonial, and in the remaining 
nine, more or less upward ; nor did they always move 
in straight lines ; for the paths of some were curved.^ 
either upwards or sideways ; while otiiers proceeded in 
^serpentine course. Their general direction was from 
northreast to south-west. Several examples have been 
given by Chaldni, where the luminous bodj^escribed a 
semicircle, first rising and then falling, . 

635. Magnitude. The size of shooting-star? is va- 
riable. Fire-balls, which are regarded as notiiing more 
than large meteors, have sometimes appeared of a 
magnitude aknost incredible. During the remarkable 
shower of meteors, on the 12th and 13th of November, 
1833, luniinous globes, apparently as large as Jupiter 
and Ten us, were seen darting thi uugh the air in all 
directions. About three o'clock on the morning of the 
13th, a splendid body which appeared equal in size to 
the lull moon, swept across the heaven from east to west. 
If the distance of this meteor was only eleven milevS, its 
diameter must have been 528 feet, or one tenth of a 
mile. Amid the shower of stars tliat occurred in 1799, 
meteors were observed by Humboldt, apparently twice 
the size of iiie moon. 

536. On the evening of the ISth of May, 183S, a 
meteor of extraordinary magnitude passed over the 

' What is said reBpectlng the eouna of ahootiiig-stan 1 
What of tbeir magnitude t 

Relate the accoimt of the meteor of the 18th of Majr. 
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Northern States and a part of Canada. From the facts 
which he collected, Prof. Loomis esiinmied its diame- 
ter at 1320 yards, or three quarters of a mile. Its velo- 
city was computed by this gentlemaii to be nearly 2100 
miles a minute, its heiglit to be 30 miles, and the 
length of its path 200 miles. The meteor was followed 
by u train of inconsiderable extent, probably formed 
of the detached portions of the body which fell be- 
hind. 

537. Splendor. At times these luminoua bodies 
present a spectacle of surpassing beauty, from their 
MUiani coruscations, extefided trainsy and rich diversity 

colors. During the month of April, 1832, a globular 
bail of fire, apparently a foot in dio$neter, passed over 
Torbut, in India, early in the morning* Behind it 
streams a train of dazzling Ugb4y which appeared to be 
several yards io length. The meteor illumined th« 
usurrounding country to a great distance, and after re- 
maining visible for the space of five seconds, exploded 
mtiunU nmse^ like » rocket, throwing out numerous 
coruscations dT intense splendor* 

In May of the same year, and at the same place, a 
similar body was seen moving rabidly through the air^ 
from north to south. It glowed with a brilliant mixture 
of green and hlue light, and vanished in about three 
seconds, leaving a luminous train of great length. 

538. During the nights of the 9th and 10th of August, 
1839, many shooting-stars of singular beauty were seen 
by Mr. l i C. Herrick, of New Haven. One flashed 
with a qolden green light, and another sparkled with 
green and bljie. Meteors entirely green have at times 
been noLiced. A niefcor which swept over Kensington, 
near London, in 1839, as brilliant as Jupiter and ap- 
parently of greater size, preseuted the rare combination 
of white light in the mass, with one edge red and the 
opposite of ;i deep blue or purple. 

On the iiiornin^^ of the 13th of November, 1833, H 
most briiliant lueLcoi was seeu by Trofl Twining, de- 
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gcendin^ towarrln the earth with majestic rapidity, ItP 
apparent size was one-fifth that of the moon, arid its 
color a deep vpd. It vanished when near the ground, 
leaving behind a iiery train of the same hue, excepting 
that it displayed the 'prxsmaiio titits, especiaiiy at the 
point where tlie iiieLeor expired. 

639. The usual color of meteors is that of a phospho- 
rie white tingled with red. The trains crenerally vanish 
in a few secoitds^ but they have been known to last for 
■ the space of seven minutes, and even fifteen. Their 
light (as we iiave just seen) is not invariably of one hue, 
for at times U pieseAts to the .^ye all the iv^ tiata of tho 

540. The wondrous display of nteteois in 1833, drew* 
Ae ttttenlloa <^ philosophers to the sobject of shooting 
stars, and, from the results of subsequent resouches ana 
observations, there is now reason to believe, that certain # 
epochs exist when these luminous bodies appear in greater 
nmnbers than usual, and that sooletimes at the return 
of these periods they literally descend to the earth in 
i^wers. The best ascertained periods are those of the 
Ueh and 13ch of Novemberi and the 9th and 10th of . 
August. 

541. November Epoch. On the morning of the 
12th of November, 1799, an extraordinary display of this 
nature was seen by Humboldt and Bonpland, at Cuma- 
na, in South America. During the space of four hours 
the sky was illumined with thousand!s of shooting-stars, 
mingled with meteors of vast magnitude. This phe- 
nomenon was not confined to Gumana, but extendi d 
from Bvaaii to Greenland, and as fat east as Weimar, in 
Germany. 

On tm 13th of the same month, in 1831. a meieoi ic 
shower occurred at Ohio, and also near Carthagena, off 
the coast of Spain. At the latter place, luminous meteors 
of lai^e siae were beheld, one of which left behind it an 



Are meteors ett aU times equfiHy abundant I 
Wliat two great epochs exist 1 



Digitized by Google 



MBTXORIO SHOW8M. 2StV 

enormous train, tinted with priamatic huMyits traeie€OR» 
tin uing visible for the space of sis numUes. On the same 
day of the following year, vast numbers of shooting stars 
fell at Mocha oa the Red Sea, upon the AUaatic ocean, 
and in Switzerland. The same brilliant spectacle theu 
appeared in various parts of England ; the sky beinf^ 
illumined soon after midnight by the fushkig of thoo* 
sands of meteors in every direction. 

542. But by far the most magnificent display of this 
kind occurred on the night of the 12th and morning of 
the 13th of November, 1833. It extended from the 
northern lakes to the south of Jam^,ica, and from 61° 
W. Long, in the Atlantic to about 150° W. Long, on 
the Pacific ocean near the equator. For the space of 
seven hoiirs^ from 9 P. M. to 4 A. M., the heavens blazed 
with an incessant discharge of fiery meteors, that burst 
in countless numbers from the cloudless sky. At times 
they appnrnd as thick as snow-flakes falling through 
the air, as large and as brilliant as the stars themselves ; 
and it required no vivid ima^ri nation to suppose, that 

« these celestial bodies were then actually rushing towards 
■-he earth. 

• 

543. Ya RIBTIE8. The luminous bodies of this showct 
seemed to be divided into three kinds. Tfae first con* 
sisted of bright lines traced tbrougfa the skjr, as if by 
a point* The second of Jier$f baJlsy that occasionally 
darted across the heavens, trailing behind them extend 
ed and luminous trains, which generally continued visi» 
blefor many minutes. The third of radiofU bodies^ that 
continued almost im7novable for a consideiable time* 

544. Meteors of the first class occurred in great 
abundance. At Union Town, Pennsylvania, they were 
seen shooting along like streams of Jire with the irapid- 
ity of lightning}, onen crossing half the visible heavens 
in less wan a second. 

At New York, about a quarter past five o'clock, a 
meteor of the 9eemid dass was beheld rowing from the 
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zenith, and marking' its course by a fiery line apparently 
two or liiice inches wide. After passing downward to 
a considerable distance, it formed into a hall of xXxeappa- 
rent size of a marvs hat, and then returning on its path, 
assumed a serpeniifie figure. It lay extended through 
the sky for the space of severed minutes, and then struck 
off to the west. 

A meteor of the third kind was visible in the north- 
east, at Poland, Ohio, for more than an hour. It first 
appeared in the form of a pruning hook^ apparently 
twenty feet long, and eighteen inches broad, and shone 
with great splendor. At Niagara Falls, at two o'clock 
in the morning, an extended luminous bodylikeasqtiare 
table was noticed in the zenith. It remained for a time 
nearly stationary, sending out on every side broad streams 
of light. 

645. It was distinctly noticed by many attentive and 
accurate observers, that all the meteors appeared to 
emanate from a certain region, situated in the constella- 
tion Leo ; and that during the whole display this point 
was stationary among the stars for more than two 
hoars ; thus provinu^, that the source of the meteoric 
shower was heyoiid the aintosphere of the earth ; for had 
it been within^ it must have moved eastward, in the 
direction of the earth's daily motion. 

54G. For four success i ce years, after the great No- 
vember shower of 1833, an im usual number of meteors 
was observed in America at tliis period. The phenoaie- 
non ceased, upon this continetiL. in 1838; but an e:3itra- 
ordinary di.splay then occurred at Vienna, more than a 
thousand meteors falling in the course of six hours. 

64:7. August Epoch. The second meteorig period 
occurs on the 9th and 10th of August. It was first dis- 
tinctly announced in 1827 by Thomas Foster of London, 



What fact was distinctly noticed bj attentive obienrersf 
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IQ his Encyclopedia of Natural Phenomena. The num- 
ber of meteors ob^served at this epoch is probably five or 
six times more than the usual nightly average, which 
has been estimated by Mr. E. C. Ilenick, of New Haven, 
at not more than thirty j)cr hour for four observers. 

518. From 1836 to the present year, scarcely a ?e;ison 
has passed without an unusual display of meteors atthi? 
period, in some quarter of flie Hohe. 

On the 9th of August, lb3U, four observers at i^w 
Haven beheld 691 shooting-stars in tlie course of fiv*. 
hours, a third p'u t sur})assing in brightness stars of the 
Jirst magnitude. On the ensuing night, 491 were seen 
in the space of three hours, by the same number of ob- 
servers ; and at Vienna in Austria, durincf the same 
evening, shooting-stars descended at the rate of sixty 
per hour. 

Upon the aiuiual return in 1812, 490 meteors fell at 
Pru nia in Italy, and 779 at Vienna. Man»y were like- 
wise seen at Brussels. At New Haven, in the space 
of fifty minutes, 89 were seen, one oi which equaled 
Jupiter in splendor. 

In 1847, at Manlius, N. Y., 415 meteors were seen on 
the mornino^ of the 11th of August in the course of two 
hourSj commencing at midnight and ending at 2 o'clock 
A. M. On the 10th of August, 1818, 475 meteors were 
noted at New Haven, in the s})ji( e of two hours and a 
half by Mr. E. C. Herrick and tluee other obpcivers. 
Many of them exceeded in brilliancy stars of the first 
magnitude. In 1 'ranee, on the same night, 414 shooting- 
stars were beheld by two observers, within a period of 
three hours and a ([narfer. 

549. Like the meteors of November, those of August 
appear also to radiate from a strnxU space in the heav- 
ens, which has been referred, by ail observers, to Uie 
constellation Perseus. 

^buoting-stars have likewise been found to be mora 
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than usually abundant on the 18th of October, the 6th 
and 7th of December, the 2d of January, the 20Ui of 
April, and from the 15th to the 20th of June. 

550. Origin. Prof. Olmsted, who was the first to 
present liis views upon the extraordinary phenomenon, 
which occurred on tlie 12th of Novcniber, 1S33, has ar- 
rived at the following cunciusions from a very exLeusive 
exainination of facts. 

^hat the source of the meteors is a bod^ possibly of . 
great extent, composed of matter exceedingly rare like 
the tail of a comet That it revolves a£>ut the sun 
within the orbit of the earth, its period of revolution be- 
ingjprobably a little less time than a year, 

Tnat in consequence of its proximity on the night in 
question, the extreme parts of the body were detached 
and drawn towards our globe, by the force of gravity. 

That its altitude above the surface of the earth, at its 
nearest point, was about 2238 miles; and that the de- 
scending, fragments entered the atmosphere with a velo- 
city ranging from about fourteen to twenty miles per 
second. , 

That these frag-mentstaerecamhustiblef and in conse- 

S[uence of their amazing velocity, the air was so power* 
ully compressed before them, that they took fire, and 
were consumed before reaching the earth. 

551. This last conclusion will appear by no means 
incredible, when the following considerations are taken 
into view. ' 

By suddenly forcing down a solid piston to the bottom 
of a cylinder, in which it moves air-tight, sufficient heat 
can be evolved to ignite tinder; and thid occurs, when 
ihe air within the cylinder is compressed to one-fifth of 
its original volume. Upon the supposition, that the de« 
Acendiijg firagnients compressed the rarefied atmosphere 
at the height of 35 miles only to the density of common 
asr, the amount of heat developed would be 46,080^ 



What is said of other perioda? 

'Detail Prof. Olmsted's theory. 
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. Fah.; an intensity nearly threB times greater than the 
hiffhest temperature of a glasa-house £u*nace, which is 
16,000° Pah. 

S5S^ If the nebulous body revolves about the sun in 
a period somewhat less than a year, it tends to explain 
the occurrence of shootingrstais at ail seasons (since the 
earth and the nebulous body would then be always com- 
paratively near each other}, and will also favor the ex- 
planation of the meteoric showers which have happened 
towards the end of ApriL 

553* Praf. Olmsted has been led' to suppose, from the 
whole course of his observations, that the nebulous hodu 
in which the meteors Originated, might be identical witn 
the zodiacal light. In a late article publish^ by M. 
Biot, this distinguished philosopher also maintains, that 
meteoric shofwers are occasioned by the zodiacal light 
coming in periodic contact with the aunosphere of the 
earth. 

, It is not regardied by Pro£ Olmsted as essential to the 
truth of his theory, that a shower of meteors should 
occur upon the 13th of every November 

554 In order to account for shooting«stara in gen- 
eral, including alike their ordinary and extraordinary 
displays, and embracing the several epochs, the views 
of Chaldni have been adopted by Arago and other emi* 
nent philosophers 

555. Chaldni's Theory. This theory consists in 
supposing, that, besides the planet?, millions of small 
bodies are constantly revolving about the sun, which 
become ignited when they enter ihe terrestrial atmos- 
phere. They are not considered to be umformly spread 
throughouL space ; but in some regions to be diffusely 
scattered^ and in others grouped togetiier in vast multi- 
tudes, forming zo7ies or rinses aroutid ihe sun ; many 
of wiiicli cross the path of llie earth. 

The ordinary} nightly phenomenon of shootyig-stars, 
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is then 5 ma opined to arise, when the earth, in her pro- ' 
gress through the heavens, traverses those regions which 
contain only a few of these bodies ; but when the zones 
are encountered, and the globe passes amid couiuiesa 
numbers, the display is proportionally greater, and the 
meteors occasionally descend in magniiicent sliowers. 
Amid this vast collection solid masses of considerable 
size are supposed to exist, and should one of these enter 
the atmosphere of the earth, a meteorite with all its 
splendors sweeps acioris the sky. 

Such at present is the general state of our knowledge 
in regard to shootiog-stars. 



GHAPTEE HL 

OF THE AU&OaA BOHEALIS OK NOETHE&N LIGHT. 

• 

666. The Aurora Borealis is a luminous appearance 
in the northern sky, which presents, when in full dis- 
play, a spectacle of surpassing splendor and beiluty. It 
nas in all ages been an object of wonder and mysteiy, 
and dtill continues so; for although many valuable facts 
have been brouglil to light by the investigations of 
8cient>e« the cause of this brilhant phenomenon is yet in- 
volved in obscurity. 

657. Constitution. Notwithstanding its fantastic 
motions, and momentary changes in brightness and 
color, the ainora, according to the best observations, 
still preserves, amid all its finct nations, certain invaria- 
ble characteristics of form and position. It consists of 
a dark segment^ an ardi of Hght^ lundrntis streamers^ 
and a corona or c7'otvn» ' ■ 

658. Dark Segment. All observers in the high 
latitudes of Europe, agree in stattngi that before me 

^ , I - -, 

What does chairtar tfaiid treat of 

What is the Aurora BoreeliBl 
Of what does it consist 1 
Dcacdbe Um dack augment. 
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murora appears, the sky in the northern horizon assumes 
a darkish hue^ which gradually deepens, until acircu/of! 
segment is formed, bordered by an arch of light, extend* 
ing from east to west. The segment presents the ap- 
pearance of a cloud, its tint is light in the lower lati- 
tudes, and grows darker as we advance to the north, up to 
a certain limit; after this the reverse occurs, and when 
high latitudes are attained it hecomes so faint as to be 
scarcely visible. At Upsal and Christiana it is some- 
times blade or of a deep gray^ which changes into a 
violet, 

Durinor a splendid aurora, that occurred at Toronto in 
Dec. 1835, and which is described by Capt. Bonnycastle, 
a dark^ black changing mass, was visible below the lu- 
minous arch, (fig. and in a remarkable phase of the 
aurora, when several bright bows were seen at once« 
the interval between the second and third assumed a 
blackness of the deepest intensHif, 
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550. A difTerence of opinion exists in regard to tha 
nature of this segment. From numerous observations 
made at Dorpat ia B^ussia, Struve infers, that the dark- 
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ness is simply the effect of contrast with the liimiiioua 
arch ; while^ from equally extensive researches at Abo 
in Finland, Argelander concludes, that the segment is 
Bcniethiug real ; since the portion of the sky it occupies, 
is darker than coaiinun, be/ore the bright bow of th« 
aurora appears. 

560. Arch of Light. The dark segment is bounded 
by a luminous arch or bow, vai \ ini^^ in widtli from one to 
three apparent dia/neters of ttie moon. Its low er edge 
is clearly detined, but the upper is only so when the 
arch is narrow, for as the width increases, it gradually 
blends with the brightness of the sky. The color of 
the bow is a pale white, which becomes more pm'e and 
brilliant near ihe poku rL^^^nons. 

According to the most accurate observation?, this arch 
has a tendency to place itself at right angles to the 
ttiagnetic meridian^ or in other words, to the direction 
of a coinpass-ueedie at rest. (C. 985.) This fact was 
particularly noticed by Lieutenant Hood, who accom- 
panied Franklin in his northern expedition in 1819. 

56L The centre A the auroral arch probably coin- 
cides with the north magnetic pole of the earth, which 
is situated in 70"^ N. Lat. In our own country, the com- 
pass-needle points to the north, and the arch crosses the 
heavens from east to west ; but in some parts of Green- 
land, the needle is directed to the west^ and tbe arch is 
then seen extending from north to south. 

In the year 1838, when Simpson wintered at Fort 
Conlidence, in 66^ 54' N. Lat., he found the needle 
always pointing to the north-ea^t^ and the auroral arches 
invariably spanning the heavens at right ai^les^ from 
north-west to south-east. 

At Melville Isle, in 74° 30' N. Lat, the lumuious 
arches were seen by Parry in the south; the north 
magnetic pole of the earth being then in that direction. 

b^lL This beautiful bow of light is not stationaryi 



DeBoribe the arch of light. Ita color and pomtion. 
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but fre^iuently rises and falls; and when the aurora ap- 
pears in great splendor, several arches are seen at tno . 
same time crossing the sky, ascending gradually from 
the horizon to the zenith, and passing over in succession 
with their summits moving inor parallel to themagnetio 
meridian; presenting to the eye broad belts of lighty 
increasing m brightness as they approach the ^nith. 

563. lio less than Jive such arches were seen at once 
by Lieut Hood ; but similar phenomena, of far greater 
beau^, were witnessed by M. Lottin at Bossekop, ic 
West Finmark, during the winter of 1838-9; (Figs. 
4^ 44.) ^ 

flf.48. 
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On one occasion, as many as tune auroral areAet 
were visible, separated by distinct intervals, and in their 
arrangement resembling magnificent curtains of light, 
hang one behind and lielow the other, their dazzung 
folds extending completely across the sky. 

564. Streamers. Althon^rh the iuminous arch pre- 
serves, in the main, its curved lonn, it is subject to coti- 
staut clian^f's. Now at one extrcnnty, now at the (UIkt, 
and again at intermediate points, a cloud of hght will 
break suddenly forth, separating into rrryy which stream 
upward like tongues of fire, moving at tlie same limo 
backwards and forwards, along the auroral bow. 

The origin of the streamers is in the luminoiis arch, 
from which they rise in the form of tapering rays or 
pencils of light, ever in motion, and continually varying 
in brilliancy, number, magnitude, and color. At one 
moment, a ray is just visible above the arch, faintly 
glowing in the sky; at the next it is seen shooting up- 
ward in a pyramid of flame and at the same time moving 
majestically across the heavens. As suddenly its bright- 
ness fades, and as quickly it is again beheld^ flashing 
forth with renewed splendor, 

565. Color. During the extraordinary displays of 
the aurora in our own latitude, the sky is fi*equently 
seen suffused with a flush of rosy light, while the 
sireamers assume a crimson hue. In that which oc* 
curred on the ni^ht of the 14th of November. 1837, 
the upper extremities of the streamer were of the deep* 
est scarlet, while below they were brilliantly white. But 
the richest .tints appear in the arctic regions. In the 
auroras witnessed at Bossekop, the rays, at their base, 
glowed with a blood-red hiifi, the middle was of an em- 
erald green, and the rest of a pure transparent yellow. 
During a brilliant display that occurred at ^ort Con- 
lid ence, on the 5th of March, 1839, the rays were tinned 
with red^ purple^ and green. 

566. Corona or Crown. The vivid rays that dar( 



What is said in regard lu iim streamers, tiitir origin and color 1 
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forth from the himinous arch not unfiequently unite at 
a point near the zenith; forming a biilliant mass of 
light which is called the cor una or crown. The aurora 
then appears iu its greatest splendor ; the sky resembles 
a fiery aome, and over the streamers, whicli seem Uke 
pillars uf variegated flame supportinof the coroua, radiant 
waves and flashes of light pass in quick succession. Tlie 
luniliious column^^ at thi^5 time are apparently sliaken 
aad wave with a tremuioun niotioa ; whence they have 
received, under these circumstances, the name of merry 
dancers. 

At Bossekop, this radiant wave was seen hy Lottin, 
crossing and re-crossing with rapid undulations the 
whole broad field of auroral light. These coruscations 

aie gen( rally attended with color. 

567. Wlien, in the northern hemisnliere, a needle is 
delicately balanced upon a horizontal axis, its north 
end immediately dips downward upon its being wa^ne^- 
ized. Sucli an instrument is called the dipping'-needle. 
(C. 998.) The streamers of the aurora assume the sajne 
direction as the dipping-needle^ and are parallel to each 
other ; hence the corona \^ not formed by any actual 
ufiioH of the streamers necii^tlie zenith. It arises from 
an optical illusion. When we look across an ( \tei^>ive 
lield of corn, the rows, at their remote ends, seem to ap- 
proach each otherj as if converging^ to a point ; though 
we know that tlieyare three or lour feet apart, through- 
out their whole distance. Tn like manner when we 
gaze at the auroral streamers w illi tiieir bases at the 
horizon and their summits attiie zvnhh, they will in hke 
manner apparently converge to one point, forming the 
corona, whose centre is in the line of the dipping-needle. 

568. Within the dark segment streamers of the same 
color are frequently seen, rising and falling like columns 
of smoke, changing their hue in a moment, and possess- 
ing all the motions of the luminous rays. Like the 
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latter, their line of direction is parallel to thai of lh« 
dipping-needle* 

'669. EwBNT* The aurora is not a tooal appcaraiico* 
for it is beheld simulUuieously in places widely separa* 
ted from each other. Thus, on the 5feh of January, 
1769, the same aurora was seen in France and Ptennsyl^ 
vania ; and a magnificent display oceurred- on the 7th 
of January, 1831, which was visible at Lake Erie, and 
tiirougbout northern and central Europe. Another, 
aurora, (hat happened on the 3d of September, 18^ 
was seen at the Isle of Sky, 57'' 22' N. Lat, at Paris, 
New Haven, and at New Orleans. 

570. The beautiful phenomenon of the northern light 
is not confined to the northern hemisphere. An aurora 
aiistralisy or southern lights was observed by Don Ulloa, 
at Cape Horn, in 1745 ; and various displays were seen 
by Capt. Cook, in the high southern latitudes, at the 
same time that the northern lights were visible in Eu- 
rope. 

Ill the late Exploring Expedition, during the southera 
ciuise of the Peacock and Flying Fish, several brilliant 
auiuias were seen, which are thus recorded. On / 
the Ibllj of March, 1839, tliere was "a beautiful display 
of Llic aurora aiislralis^ extejidiiig from S. S. W. to the 
east; the rays were of nunnj colors, radiating towards 
the zenith and re*aching an altitude of 30". On the 
19th, in about 68° S. Lat., anotlier display wa^D wit- 
nessed whicli exhibited a peculiar effect. In the south- 
ern ijuaiiei' of the lieavens there was the a])peaiaiic.e of 
a dense cloud, reseniblinii; a sliadnw cml upon tlie sky, 
and forming an arch about lU in altitude. Above this 
were seen coruscations of light, iciideiing all objects 
around the ship visible. From behind this cloud, diverg- 
ing rays fi c(pjently shot up to an altitude of from 2o'^ to 
45^. These appearances continued until tlie day » 
dawned." 
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571. Height. The height of the aurora has been 
variously esii mated The earUer philosophers computed 
Its altitude at several hundred miles; but a much lower 
limit is assifTiicd by latei* o!>?^ervers. An aurora which 
appeared in March, 1826, atdillerent places in England, 
was calculated by Dr. Dalton to be 100 miles high. 
Observations for determining the elevation of the splen- 
did aurora of January 7th, 1831, were made by Christie 
and Hansteeii, but Uieir cuopuied heights varied- fi'ooi 
2!d miles to 120. 

In the brilliant display that happened on the 14th 
of November, 1837, the ecMmated altitudes were even 
more discrepaati varyiag fiom one to two hundred 
miles. 

A very distinct auroral arch was seen at various places 
throughout the Northern and Middle States, at about 
ten O'clock on the night of the 7th of April, 1847, 
From the observations taken by Mr. E. C. Herrick, at 
New Haven, Ct., and Dr. P. W. Ellsworth, at Hartford, 
Ct., the height was computed by the former gentleman, 
and found to be one hundred and ten miles. These 
observations having been made under favorable circum- 
stances, and being accordant with each other, this re* 
suit is entitled to great confidence. 

The height of the nortliern hghts is obtained in the 
way that has been already described ; but such is their 
fitful nature and varying form, that two distant observers 
can scarcely ever be sure that they have measured the 
angular height of the same part of the aurora. Hence 
arise. these discordant calculations upon the same phe- 
nomenon. 

572. There is every reason tot believing, that the 
auroral light is at times very nmr the earth| and even 
within the regim of the douds* 

During the polar expedition of Franklin, in 1820, oh- 
seiTations were taken by Hood and Richardson, upon 
thiee auroras, at stations eighteen leagues distant from 
each other, and the heights which they obtained, were 
found to vary from six to seven miles; while an aurora 
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beheld by Fnrquharson, of Scotland, was compulf d to l ie 
aslowas43uO ieet. Franklin ilins remarks: "The fact 
that the aurora exists at a less heif:rlit than that of dense 
clouds, was evinced at Fort Enlerpri-e. on two or t/iree 
occasionsAlunn^ the night of the 13ili uf Fel tmary, 1821, 
and particularly about midnight, when a brilliant mass 
of U^ht. i-arie^aied with the prisjnatic colors, passed 
between a uidJoTinly steady, dense cloud and the earth. 
In its proii^ress, that portion of the cloud which the 
stream of light covered was completely concealed until 
the coruscatiou had passed over it, when it appeared as 
before." 

573. A pitnilar, but more extraordinary phenomenon, 
wliich o( ( ui red during his third Arctic vovajje, is thus 
related liy ( apt. Parry. " While Lieutenants Sherer, 
Ross, and myself were admuincr the extreme beauty of 
tlie northern lights, we all sini idtaneously uttered an 
exclamation of surprise, at seeniix a bright ray of the 
am%ra shoot suddenly downward from the general mass 
of light, and between us and the land, which was there 
distant only three thousfwd yards. I have no doubt, 
that the ray of light actually passed within thai dis 
tanre of us." 

674. Sounds attending the Aurora. It has 
been asserted, that the aurora is sometimes accompanied 
by a noise like the rustling of silk, or the sound of a 
Jire when excited by the wind ; but much difierence of 
opinion has arisen upon this point. Those who are 
incredulous in this particular, aMrm that the noise in 
question Inay be notning more than the murmur of the 
ocean, or of the forest ; the rustling of the snow as it is 
driven by the wind, or the crackling sound that arises 
from its freezing ; all which, it is said, might be easily 
attributed to the aurora, when the mind is excited by 
the wondrous spectacle, and susceptible to every iilusicm 
—the splendors tiiat hurst upon the sight, and the sounds 
which strike the ear being then referred to the same 
origin. 

State the facts showing that the aurom Is at times very near the earth» 
Oivo the &ct8 respecting the soimds attending the tauan» 
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575. Scoresby, Richardson, Franklin, Parry and Hood, 
during their Polar expeditions, never heard any sound 
wiiicli they coii.sidcied as proceeding undeniably fiom 
the northern lights, though hissing 7ioises were heard 
during the auroral displays whicfi were attributed by 
them to one or more of the preceding causes. These 
observers do not. however, den]/, tliat at times audible 
sminds proceed fioia the aurora, aad even express such 
a belief, founded upon the concurrent testimony of the 
natives of the arctic climes. 

576. Credible observers in Iceland, Siberia, and 
Scandinavia, have never Aearc^ the -e singular sounds ; 
nor were they |jerceived hv the French scientific expe- 
dition, which vviiucrcd at Bo.ssekop, in 183S-39 ; but 
Hansteen claims to have established their existence from 
a series of observations in the iiigh northern latitudes. 
Upon this subject, Simpson thus remarks in his North- 

* eru Discoveries when s?peaking of a brilliant aurora seen 
by his attendant, at Fort Confidence, on the 5th of 
March, 1839, " The aurora seemed to ascend and de- 
scend, accompanied hy dki^ avdible sound resembling the 
rustling of silk. This lasted about ten minutes^ when 
the whole phenomenon suddenly rose upwards, and its 
splendor was gone* Ritch is an intelligent and credible 
person, and on questioning him. closely, he assured me 
that he had perfectly distinguished the smmd of the 
aurora irbm that produced by the freezing of the breathy 
for the temperature was forty-four degrees below zero. 
I can therefore no longer entertain any dovbt of '9, fact 
uniformly asserted by the natives^ ancT insisted on b^ 
my friend Mr. Dease, and by many of the oldest resi- 
dents of the fur countries, though I have not bad the 
good fortune to hear it myself." 

577. Time. The appearance of the northern lights 
is not confined to any particular hour of the night, a 
fact which fully proved by the circumstance that the 
same display is frequently witnessed at places widely 

^. difiering in longitude. Thus, if the aiuora extends 
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from Boston, Mass., to Berlin, in Germany, and is bi> 
lieki simultaneously at these cities, the difference in tho 
reckoning of time will be nearly five Jwurs and a half 
(C. 939). . " 

678. There is much reason for believing that the aurora 
sometimes occurs during the dat/, though rendered invis- 
ible by the presence of the sun. Bknaidsoa perceived 
at Bear Lake, tha motion of tlie aurora* b^re ibe eniifa 
disappearaace ol twilight, and even daring the day ha 
discerned douds, arranged in columns and arcAsf, resent 
Ming those of the nort&em lights. Besides^ as we shall 
show hareaftsffy a brilliant display of thia phenomenoac 
is alwaj^a accoiapaaied by a greater or less disiw^Mmoft 
of the magrietuyneedlej (0. wT,) and as these disturb- 
ances take i^aca ia the da^/ aa well as in the nighty it ia 
reasonable to infer that they are caused by the presenca 
of an invisibla aurora. 

579. FiiEauFiiNCY. This phenomenon is more fre- 
quently seen in winter than la summer ; we must not, 
however, hastily conclude from this circumstance^ that 
the number of auroras during the former season is actu- 
ally greater^ for the increased length of the nights du- 
ring the winter would enable us then to see more dis- 
plays of the northern li^ht, even if the times oi\\s occur- 
rence were equally distributed throughout the year. 
About the period of the equinoxes they also appear to be 
more frequent. These racta are showa from tna friUow- 
ing table of Kaemtz, which gives the number <tf aiiMaa 
thai Kave been seen in aaeh month. 



Wliylsit supposed MnoedniM to ooenr in the diy? 
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January, 229. 
February, 307. 
March, 440. 
ApriL 312. 
May, 191 



July, S7. 
August, 217. 
September, 405. 
October, 497. 
November, 285. 
« December, 225. 



580. In addition to this annual variation, there ap- 
pears to be another which extends throut^h a consider- 
able number of years, but of which verj^ little is known. 
Thiis, from 1707 to 1752, the northern Ughts became 
more and more frequent ; but after the latter date, a 
period of twenty years occurred^ m which they dimin** 
iflhed in number. 

An increase in their frequency beg^an in 1820, and 
«iace that period maoy magaifieeni displays have been 
witnessed. 

Tiia number observed for the last ten years, at New 
KawttD, Ct, by Mr. £. C. Heniek^ is ahawn in the foi* 
Imriasig table. 



From May, 1838, to May, 1839, '"^ 


35. 


u 


1839, 


« 1840, 


36, 




1840, 


« 1841, , 


36. 


u 


1841, 


« 1842, 


21. 


H 


1842, 


« 1843, 


7. 


tt 


1843, 


« 1644, 


7. 


(C 


1844, 


« 1845, 
« • 1846, 


12. 


« 


1845, 


19. 




1846, 


« 1847, 
« 1848, 


20. 


u 


1847, 


2a 



Between the 12lh of September, 1838^ and the 18th 
ef April, 1639, ao lees tbxaiMe kmidred and forty4hrm 
distinct auroras were seen by the Freadi obserrers at 
Bossekop* ' They were most frequent* at the period 
when the sua was below the .horizon, vis. : from the 
* 17th of November to the 25th of January. During this 
night of ten mcsfer, sixty-four auronis were visible. 

581. Disturbance of the Magnetic-Nekdle. 
Duriiii: tlie prevalence of the aurora, tlie compass-nepdle^ 
instead of remaiinnLT motimtlcss. in the magnetic meridi- 
an, IS often mitdi disturbed. Sometimes it is dejlected 
toward tiie east several minutes and even degrees ; tiien 
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it is agitated, and returns eiLlicr slowly or rn[)if!ly, to 
the merMian, which it passes at times and niuvt>3 
towaid the ivest. These deviations mo as changeable 
as the phenomenon itself. Wlien the arch is motionless 
the needle is qiiiel ; its disturbance comme/ices wiien the 
bU earners begin to play. 

682. Franklin observed at Fort Enterprise, that the 
disturbance of the needle was sijimltaneous witli some 
change in the form or action of the noi thern lights, and 
that after beirii^ deflected it returned to its former posi- 
tion very gradually, not resuiTiing it before the follow^ 
ing m^rniiiS!'. and sometimes even not before noon. 
Moreover w h* n the auroral arch was either at right 
angles to the nK i idian, or its western extremity north 
of west, the needle was deflected toward the west ; but 
if its western extre^iiity was south of west^ the needle 
moved toivard the east. 

During the aurora of November 14th, 1837, the en 
tire ran<^e of the netdle nt New Haven, was observed by 
Messrs. Herrick and Haile to be nearly six degrees. It 
was nut until the morning of the next day, between 
seven and nine o'clock, that the aeedie was at rest in 
its usual position. 

583. This effect upon tho magnetic needle during the 
prevalence of the northern lights, was noticed for the 
first time by Celsius and Hiorter, at UpsaL on the Ist 
of March, 174L 

584. It is asserted by Wilke, that when the aurora 
appears in great splendor, the position of the dippmg- 
needk is as variable as that of the campass^needle ; the * 
former rising BndfaUing' with the northern crown. 

Hansteen nas also ol»erved, that the dipping needle 
descends ver^much behw its usual |)08ition before the 
aurora is visible ; but that after the display commences 
it begins to rise: and more rapidly in proportion to its 
brightness. The needle then ^W^y resumes its origi- 
nal position, which it frequently does not attain until 



How great was its range at New Haven, November 14th, 18371 
What has been observed respecting Xh4 dipping-needle? 
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twenty four hours have elapsed. From numerous ob* 
servadous at Bossekop, M. BravaUhas likewise obtained 
the same results. 

585. Cause. No satisfactory explanation has ever 
been given of this singular phenomenon : that a connec- 
tion exists between the a m ora and the magnetism of 
the earth, is evident from the preceding facta J but the 
nature of that connection is still unknown. 

To trace all the hypotheses wliich have been started 
would be an unprotitable task ; but a glance at some of 
the most promment may be eriven. Canton supposes 
the aurora to be caused by the pa^^sa^e of electricity 
Uom positive to we^'-f/Zzt^e clouds, in ilie u[)])er and raretied 
regions of the atmosphere. He adduces in support of 
tliis view the fact, that when the air within a loner, ^lasa 
tube is rarefied, and electricity passed through i(. the 
whole tube IS illumined by flashes of li^kt traversing 
its entire lenglli. It may, however, be stated in reply, 
that tlie general height of the northern lights far exceeds 
that of the highest clouds. 

686. Beccaria supposes, tliat there is a constant cir- 
culation of the electric lluid from north to south, and 
that the aurora is seen, whenever the electrical current 
passes 7iearer than usual to the earth, or the state of the 
atmosphere is such as in render it luminous. Faraday 
has demonstrated, that tbe electricity of tiie earth neces- 
sarily tends from the effuator towards the poles ; and 
has suggested, that the aurora may possibly arise from 
an upward current in jthe atmosphere flowing back from 
the poles towards the equator. 

Kaemtz conjectuics, that since a spark is perceived 
every lime an ckciric current produced by a magnet is 
broken, the northern ligliLs may perhaps be caused by a 
rupture m the magnetic equilibrium uf the globe. At the 
same time, however, he utterly disclaims the idea of ac- 
counting for all the circumstances of this wonderful phe- 
nomenon, in our present imperfect state of kuowicdge. 



What is known of the origin of the northern UghtsI 
State the hypotheeet gives. 
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587. Utility. The light of the am oia, from its fre- 
quency ^n^d splendor, serves niatenaily to relieve the 
darkness and enliven the gloofii of the long polar ni^jht. 
During this period, its play is almost, incessant. ( A rt, 580,) 
and its rnriiscaLit)ns exceedingly vivid and beautilul. 

So brilliant is the aurora in these regions, that Mau- 
pertms and others, wlio were sent to Lapland in 1735, 
oy the Academy of Srinn-es nf Paris, for the pui pose of 
measuring an arc of tlie meridiai). were enalded to pur- 
sue their difficult work by the liLrhl it aflbrded, long 
after the sun had ceased to be visible. And Maupertius 
remarks, that its light, together with that of the moon 
and stars, is sufficient, during thia season^ for most of 
the occasions of life. 



Wfaftt uieful purpose dow the aurora aubterve in tbe polar r^glaDa) 
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CHAPTER L 

or 1HI FAIL m hbbestrial sttbstabch irasiov to xhs 

AHfOflPfiXBSi 

588. In addition to storms of rain, hail, and snow, 
which are products peculiar to the atmosphere, and are 
the results of the operations of well-known agencies and 
laws, showers of matter of a terrestrial nature have not 
anfrequently occurred, which have been traced, upon close 
examination, to a mineral^ vegetable^ and even animal 
origin* The most remarkable of Jihese singular phenomena 
are diMt-storrM and hlood-raim^ which will now be de- 
scribed. 

miSMlOKMi AKD lUXRlMtAXSB. 

589. From time to time, and in regions of the globe 
widely separated from each other, dust in large quantities 
has descended from the heights of the atmosphere, not only 
upon the land^ but also far out on the oceatiy hundreds 
of miles from the shore. It is entirely distinct from that 
which is disseminated through tlie iiir by the winds, during 
the eruption of volcanoesj and for many years has been 
described, by observers and writers, under the various 
names of dvst-atorms^ drnt-rain^ red fogsy Sirocco dust, 



What is the Bubject of part seveath t 
Of wfaftt does this chapter treat 1 

In addition to Rtormfl of rain, hail, anrl snow, wbai oUlw Idnds of 
ih©w<ers have not unfrequcntlv happened 1 

W tiat are the most remarkable of these phenomena ! 

What is aaid reapeoting the fall of dust from the heights of the atmo* 
sphere! 
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Afrlomi du^ty sea-dusd^ Atlantic dmt^ and tradewind'- 
dmt, 

600. This dust not only fails dry, in the form of a fine, 
im^'\^^}able powder, but is occasionally mingled with ratfiy 
hazL and snow, which it dyes with its own hue. As it 
is usually of a reddi'^h color, these showers of rain and 
storms of hail and snow have receiyed the appellation of 
Uood-rains. 

mjiMTOBini. 

591. Instances. On the 20th of October, 1755, a 
Mack dust, like lamp-hlack, fell in Shetland, between 
8 and 4 o'clock in the afternoon. ' The sky at the time 
was hazy, and the dust fell in such quantities as to cover 
the hands and faces of persons exposed to it, and to black- 
en their imen. 

592. During the 5th and Gth of March, 1803, while 
the wind was blowing from the sryuth-east, a shower of 
red dust fell in Italy. Ten years afterwards, on the 14th 
of March, ^^\?^, a similar storm occurred at the town of 
Gerace, in Calabria. According to Prof. Semcntini, of 
Naples, the wind, in the early part of the day, blew from 
a western quarter, bringing up dark, heavy clouds from 
the sea over the land. 

At about 2 o'clock in the afternoon the wind sub- 
sided, while a deep gloom pervaded the air, and the clouds 
grew red and threatening. Thunder folior/ed, and soon 
after red dust, mingled with red rain mid snow, descend- 
ed upon the town, lliis dust bad the appearance of a 
Jme powder. 

593. A shower of dust fell at Malta on tin' ir)th of 
May, 1880, and at the same time a similar fall occurred 
in the bay of Palmas, in Sardinia, while a Sirocco wind 
was blowing from a south-easterly quarter. The Maltese 
dust was of a hroimish-red hue. Some of it wa3 collected 
by Mr. R. G. Didman, of the ship Keve;j^e. and for- 



Whatare Uood-ra%n»^ and wh^ are they so eaHed ? 
Eclnt/^ the TArioun instanOM giTen of aiMt>8tDIIIU ia Sll^IlUld. X&filll 
Gerac0| MaltA, and Genoa. 
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warded to Mr« Charles Darwin, an eminent En^^sb nat- 
uralist, for examination. 

594. On the 16th of May, 1846, a shower of Sir^cco- 
dust occurred at Genoa, having the same hrownif'ffred 
hue as the dust which fell at Malta in 1880. 

Six months afterwards a remarkable storm of this nature 
swept over Lyons, in France, and so thickly did the dust 
descend, that the amount which fell at this time was com- 
puted to weigh no less than thirty- aim tons, 

595. In &e year 1831, the ship Beagle, under the 
command of Captain Fitsroy, was dispatched by the 
British government on a voyage of scientific discovery 
around <£e world. Mr. Darwin, the naturalist just men- 
tioned, accompanied the expedition, and during the voyage 
observed a dust^hower^ near St* Jago, the chief of the 
Cape de Verd isles. 

The morning before the Beagle anchored at Port Praya, 
in St Jago, Mr* Darwin collected a little package of im- 
palpable hrcwn^ecliwA dust, which appeared to have 
been filtered from the wind by the gauae of the vane at 
the mast-head* In speaking of this |>heDOnienon, he re- 
' marks, that the atmosphere in this re^on is usually filled 
with a haze^ caused by the faUing of this fine, hrowth*^ 
cdored dust. By the kindness of a friend, Mr* Darwin 
received four jparceU of dust which fell upon the dedk 
of a vessel, a few hundred miles north of the Cape de 
Verd isles. • 

596. Much valuable information respecting dust^show- 
ers on the ocean has been gathered by this gentleman, 
who has found fifteen difierent accounts of the descent of 
dust upon ships when far out on the Atlantic* It has 
often fallen upon them when they were several kundred^ 
and even a t&msimd miles from the coast of Africa, and 
at points swsteen hundred mUes distant in a north and 
south direction* 

597. In some of the dust collected upon a vessel three 
hundred miles from land, particles of stone were discov-* 

Statt' wlmt ia euid respecting the fall of dust on the ship Bon{?le. 
What is known, from the re8€arobes of Hr. Dar\viii, in regard to th« 
Atlratiodoitl 
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ered, more than the thoumndth of an inch square, mixed 
with finer matter* It falls in such quantities as to soil 
erery thing upon which it descends, and to irritate the 
ejes of persons exposed to it. Ships have eyen been 
known to ran ashore, owing to the obscurity of the atmo- 
sphere resahing from the presence of this dust. 

698. The occurrence of diLst-ah&wers in the vicinity 
of the Cape de Vcrd isles has been noticed, at intervals, 
from the year 1579 to the present time* The extent of 
the region over which they here prevail wies, according 
to Darwin, from 960,000 to 1,280,000 square miles ; but 
a greater estimate is given by Captain Tuckey, who snp^ 
poses diat it ranges from 1,648,000 to 1,854,000 square 
ioilee* The Atlantic dust is believed by Mr. Darwin to 
come from Afrioa, since not only does wind blow from 
that quarter whenever it fails, bat the showers also occar 
daring those months when the harmattan is known, to 
raise oloads of dast high into the atmosphere. 

699* Daring a voyage flrom Richmond, Ya*, to Rio 
Janeiro, in the winter Si 1845-6, Mr* Thomas £wbank,^ 
of the U* S* Patent Office, met with many instances ik 
the falling cf 9ea-d^^ and traced the rich and pecnliar 
hnes, that .at times adorned the cloads and sky, to the 
difiiision of this line powder thronghout the intermediate 
atmosphere* 

600* On the 10th of Janaary, 1846, in 28"* 88^ N. Lat., 
and 84^ 37^ W. Long., he observed a narrow belt of daU^ 
edlored sky skirting the horizon, while upon this rested a 
broad band of liermUUm^ interspersecl with soft dashes of 
IfuUm ink^ shaded with umber* These hnes changed, 
by insensible degrees, into a bright eream-oohr^ and this 
again into a pale, delicate grem^ which deepened in tint 
as it approached the zenith, while over all floated a/inber' 
ecHored clouds, growing richer in hue and smaller in siae 
as tliey sunk towards the horizon. 



What is the extent of the region ov«r wbieh the Cape de Yerd and 

Allaatic duet-storms prevail ! 
Wfant la tb« opioion of Mr, Darwin an to the •rigin of this dmtl 
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601. Three days afterwards, in 16'' 07' N. Lat., and 
81° 13' W. Long., the wind blew strongly //w/i the east, 
bearing along with it a impalpable powder. This 
minute dust was seen on the windward side of the sails, 
where it was supposed to have been colleoting during the 
two previous days. It was extremely fine, and could only 
be seen by bringing the loose fibres of a tQi^ upon which 
it had settled, between the eye and the Boa* when its 
presence and oolor v«re readily discern^ 

602. The wn throughout the day, as weU.a0 the Bkoon 
&t nii^t, was eareloped In & haae^ wiuch was supposed to 
be caused, in some measare, bj the dust that floated in 
the air* The captain of the vessaly who had notioed 1km 
phenomena before, caUed the red powder AfrioM M»uL 

^03« During the two foUowii^ days the heavens pre* 
sented scenes of gorgeous and snrpassing beao^, the colora 
of the sky and clouds raAging through emerald greei^ 
jrinkf jm^le^ crimson^ yMow^ eha<H^ate^ vmiber^ «nd 
daU} while bm^th this rich and varied oonbinaition n 
IprouMwork of the purest creom-ooLor «stended| giving . 
tone to the wfaole> and changii^ in tint ixom ^fami^ecior 
to 9k paie white. . 

604. On the 16lih of January, in T"* N* Lat*, mi 
2g<» g]^/ Iiong., the red duet was obeeirvBd to ooon- 
mtdate upon the vessel — an old sail) looking «b if it 
had been painted of a UgMhioh oohr. The ^pat this 
time was opposite Soudan and Sen^gwbia, whic& border 
on the great African desert, whence the captain suppoeed 
the ebower to come* A portion of the dost was cotleeted 
by rubbing a piece of foolscap paper ovw the colored sail* 

605. KfaU cfdu^f accompanied by snow, eccunred in 
the month of February, 1850, at Olsterholz, near Det- 
mold, in Westphalia. The wind, during this phenomena, 
blew from the south-west. The dust fell so thickly as to 
cover the earth to the depth of 07ie eigJdeenth of am, vmk. 

BL0OD>BAIBa 

606. Instances. On the 12th of August, in the year 
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1222, a red rain fell at Rome for tli(3 space of a da^ and 
a night ^ and a similar event occurred at Cremona on the 
3d of July, 1529. In 1608 a 7mn descended for 
several miles around Aix, in Fi ukm' ; und in 1623 an- 
other blood-rain happened at Strasbui g, between 4 and 5 
o'clock in the afternoon. On the oth and 6th of May, 
1711, red rain fell at Orsio, in Sweden ; and a shower 
of this nature al^ occurred near Genoa in the year 1744. 

607. A very remarkable rain of this character fell at 
Locarno, in Switzerland, on the 14th of October, 1755. A 
warm Sirocco wind was here biowiug at H (}dock on the 
morning of this day, and two hours afterwards the air 
was filled with a red mist. 

At 4 clock in the afternoon a hlood-rain dcscendod, 
which left on the ground a reddish deposit. Wine inckes 
of this colored rain fell, in the course of one riight, over a 
TQgion forty square GeTinan leagues in extent. It even 
reached Suabia, on the northern side of the Alps ; while 
amid the cold heights of these lofty mountains it changed 
. into a reddish snow, which fell to the depth of nine feet, 

608. The red master that was deposited during this 
shower was found, by actual measurement, to be in some 
places an inch deej)^ or one-n 'mlh, part of tlie quantity of 
rain. Upon the supposition that it fell, on aft average, to 
the depth of only oiie-aixth of an inch, twenty -seven 
hv/ndred oubio feet of this red sabstance must have cov- 
ered eve^'t/ English square mile. 

009. On the 13th of November, 17r>,'"), a 7'ed rain fell 
in Russia, Sweden, Ulm, and on the Lake of Constance ; 
and on the 9th of October, 1763, a similar shower de- 
scended at Cleves, Utrecht, and many other places ia 
Europe. 

. 610. During the remarkable phenomenon that occurred 
at Gerace, on the 14th of March, 1813, the red ram, pre- 
vailed over a great extent of country, falling throughout 
the two Calabrias, and on the opposite side of the province 
of Abruzzo, ia the kingdom of Naples* 



R«Ula, in detaO, 11m MT«nl iiutuoM giveik of the ftU of Uood> 
rain. 
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611. A red rain likewise fell at SieniiA, and upmi the 
adjacent country, on the 15th of May, 1880, at 7 o'clock 
m die erening, and also at midnight* The veal^Ler for 
two days previously had been calm, but the sky was over- 
cast with dense, reddish clouds. 

612. Black Rain. The material that mingles wilb 
ihese^ extraordinary rains is not always of a red hue, hat 

^ is sometimes of a dark calory and imparts an mky hlad^ 
* nes8 to tibe shower. A rain of this kind occurred at 
Montreal, in Lower Canada, on two several days during 
the month of November, 1819, under tlie following cir- 
cumstances : 

On the morning of the 21st tlus month a dense gloom 
enveloped the city, while the whole atmosphere was 
obscui^ by a thiA hase^ of a dusky orange color^ and 
at this time raini descended of a da/rk ini&f hue. The 
weather soon after became pleasant, and continued so 
until the following Tuesday, when at noon the whole city 
was again shrouded in a neavy^ darrvp vajpor^ so dense 
that it became necessary to light candles in all the 
houses. 

At about S o'clock in the afternoon a slight shock of an 
earthquake was felt, attended by a noise like the discharge 
of distant artillery. 

Soon after, when the darkness was the deepest, the 
gloom was dispelled by a vivid flash of lightning, which 
was followed at once by a crashing peal of thunder ; and 
this was succeeded by a heavy shower of thick^ Mack- 
rain*. 

613. On the 22d of April, 1846, a copious hlacJs rain 
fell also in England, in the towns of Dudley, Stourport, 
Abberly, and Bewdley, which are situated in the northern 
part of Worcestershire. 

This shower lasted from 11 o'clock in the morninff till 
1 o'clock in the afternoon, the rain descending so abund- 
antly as to blacken the waters of the places where it fell, 
and darken the river Severn. 



Gire an nccount of the hlack rain of Montreal. 
Of that which happeattd in Woroesterehire. 
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614. Red Hail. A storm of red luiU is stated by ^ 
Baroii Humboldt to liave once uccurred at Paramo, in 
South America, between Bogota and Popayan. There 

1 krwise fell over all Tuscany, on the 1-itLi ui 2^iaiciij lbl3, 
a bliower of hail of an oi^aruje hue, 

615. Black Hail. A hail-storm happened in Ireland 
on the 14th of April, 1849, which deposited upon the 
ground a hlack^ inky substance. Some of this dark mat- , 
ter was collected and examined, and found to be of the 
same nature as the coloring material of red rains* 

tlWBMS OV CNILOBSD IROW; 

616. Rbb Snow* One of tbe most remarkable falls 
of red snow ob record is that which has already been 
mentioned (Art. 607), as Occurring simnltaneonsfy witk 
the blood-rain of Locarno, in SwitKerland, when snow of a 

reddish hue covered the neighboring Alps to the depth of 
nine feet. 

(il7. On the 5th and 6th of March, 1808, red snow 
fell for tlie space of three nights in Carniola, a province 
of Germany, and thronghout Carnia, Cadore, Belluuo, and 
Feltri, to the depth of Jive feet and teti inches. 

The earth liad been previously covered with wltite mioWy 
and the storm of colored snow was succeeded by another, 
the Hakes of which were as usual, of a pure and brilliant 
white. The two kinds were perfectly distinct. When a 
portion of the red snow was melted in a vessel, and the 
water evaporated, a fine rose-colored^ emrth/y sediment 
remained at the bottom. Red snow, likewise, fell at this 
time on the mountains of the Valtelline, in Switzerland, at 
Brescia, and on the Tyrol. 

618. During the dust-shmoer and blood-ra/in^ at Ge- 
race, red snow descended over a wide extent of country, 
embracing the two Calabrias, Tolmezzo, and tbe Carnian 
Alps. In Tuscany it fell of an orange hue^ while at 
Bologna its tint was a brownish yeUow* 



"^'h^i IntitHnce is given of the ooearrenoe of red hailt • 

Wliat of block haill 

Where, when, and under what circnmstances have storms of dolorod 
•now ooonmdl 



V 
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t)19. On the 15th of April, 1816, colored mow fell in 
Italy, upon Tonal, and on other mountains. It was of a 
hn^ek.-red hue^ and, when melted and evaporated^ a li|;ht 
and impalpable earthy powder remained. 

620. A storm of reddish snow took place on the 31st 
of March, 1847, in Pustcr Valley, in the Tyrol. It de- 
rived its tint, which >\'as a hrotc-nish red^ from a fine 
colored dust, resembling that of the Atlantic showers. 

621. Black Snow. A few years ago a fall of hlach 
mow occurred in New Hampshire, at Walpole, and the 
adjoining tqwns. A person writing to the Boston Journal 
from Walpole, retnarks, in relating this extraordinary 
phenomenon : I send you some writing, written with the 
mow as UfeU^ and with a dean pmJ^ This writing, 
according to the editor of the Journal, ^kza perfectly leg- 
ihle^ and appeared as if having been written with jme 
black ink. 

622. These colored snows must not he confounded with 
those already described in Arts. 286, 287, and 288. The 
snows there mentioned are white h^ore their fall^ and 
acquire their red and green tints, c^&r theia* de^omt^ from 
the presence of a microscopic plant whose cells are filled 
with animalcules, and which, even in Arctic climes, 
spreads itself with extraordinary vigor over fields of snow. 
On the contrary, in storms of colored snaw^ the coloring 
matter is m the aibmosphere. and the snow is dfued before 
itsfaU. 

623- It appears from the microscopic investigations of 
eminent observers, and especially from these £hrenberg, 
that the dust which causes dust-stonxis, and produces the 
phenommm of blood-rains, is composed both of orgameei 
.and unflrgamzed matter: the laMssr hemg portions of 
varioics minerals^ while the former consista priacipally 
of the shells of infusoria,^ mingled with fragments pet* 
T^>edpla/nts axid parte ^ insects^ 

Are theee colnrrc^ ?nnw!^ ihr^ same in character M thoM alresdyd'^* 
Mrib«d in Arte. 2^6, 287, and 288 ] Why not 1 

Of wbftt is the duBt of dust'Storms and blood-rain* oompoMcll 
Of what doM the organic natta namial 1 
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It may not be amiss to explain to the atadent in Aia 
plaee the meaning of the term infworict. 

624. Infusoria. The general name of Infusoria lias 
been given to those minute living beings which can only 
be seen by the aid of the microscope. Ou account of their 
being first detected in vegetable ivfusiom, they are termed 
infusoria; and since they are exceedingly small, they 
have also received the appellation of onhnalcules^ or littU 
cmimals. They are found in countless myriads in all 
•waters, and in the fluids that circulate in animal and 
vegetable bodies, while their shells and eggs *are dissem- 
inated by the winds over every part of the world. ^ 

625. More than eight hundred distinct species have 
been discovered, ])03sessing the most grotesque and sin- 
gnkr forms. Some resemble globes, trumpets, stars, 
boats, and coins; others assume the forms of eels and 
serpents, and many appear in the shape of fruits, neck- 
laces, pitchers, wheels, flasks, cups, funnels, and fans. 

Their minuteness is almost incredible, for the monad, 
-the smallest of all living bemgs, never exceeds in length 
the twelve thousandth ^art of an inch, A single shot, 
one-tenth of an inch tn diameter, occupies more space 
than seventeen hundred millions of these atoms — each 
in itself a perfect being, amply endowed wdth vital powers 
adapted to the mode and range of its existence. 

626. Structure. The ovier covering of the infnso- 
ria ia of two kinds ; first is soft and yielding, resem- 
bling the skin of the leech and slug ; hat the second is a 
fine, trmspaftent *hdly possessing a flezibility like horn* 
Those animalcales tiiat are protected by the latter integ- 
ument are termed lorieatedf from the Latin word hrieoM 
a shM y while the name iUorieiXited, or shMmy is assigned 
to those which are invested with the softer ooTering. 

The material that composes the shells varies in different 
species. In many kinds it consists entirely oiJUnt^ and 



De8oiib« the infosorui— 'tli« number ol tiidi ipMi«»-4hMr miaiile* 

What is said rospecting their stmotare ^ 
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in others of lime^ united with <md$ cf irm* In some 
cases it is combustible. 

627* When the loricated infusoria die, their shells re- 
main undecayed for ages, often congregated in such 
countless myriads as to form large portions of the earlb's 
surface. , 

The city of Richmond, in Virginia, is- built upon an 
extensive bed of flinty marl^ from twelve to twenty feet 
in thickness, filled with j^om^ mfiLsorial shells ; and it 
is stated by geologbts, that nearly half of ibe bulk of all 
the chalk of Northern Europe is composed of iiii^ fossil 
remams of animalcules, and other minute shells. They 
are mingled with the mud that forms the bed of (jie Arctic 
Ocean ; they float with the iceberg in all its wanderings, 
and lie loosely scattered over the surface of every land. 
These hieroglyphics of nature are interpreted by die aid 
of the microscope.* • 

628. The Italian Dust-siiower of 1803, and the 
Calabrtan of 1813. In the dust which fell in Italy 
during the month of March, 1803, forty-nine species of 
organic structures were discovered, and sixty-four in that 
which descended at Gerace, in Calabria, in 1813. Thirty- 
nine species in the Italian dust-shower, and fifty-one in 
the Calabrian, are identical with those discovered in more 
recent dusfc-storms. It is worthy of remark, that these 
two storms, thouo^h ten years apart, have no less than 
twenty-eight species in common, and in hoth nearly all 
the species arc of frcsh-vrnter origin. Among the 
numerous infusorial shells,, /i^wr Sauth American forms 
were discovered ; of these, one occurs in Peru, anotJier in 
Surinam, and the remaining 1/wo belong to Chili. JVb 
animalcular structures were found exclusively African. 

629* Atlantic and Cape de Verd Dvst« The dust 



"When liie lori(^a1-r'I infuHoria dip, -wlmf; become? of their slieHs ? 
Of what did Ihe duat cousist wiiiuh fell iu tlie iLuimu und Calabriaxi 
dnst-storma 1 ^ 



* For fUrtiiar infonnation on the aaMeot of Liring and FoeaH lofdsAria, see " Vlevi 
«r the Ulcnnoopte World » by (he aouor ; xmbliahed Fanner, Braee A Oob, N«w 
Tork. 
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that was collected bj Mr. Darwin on the Atlantic, jn N. 
Lat. 17° 43', W. Long. 26°, and at the distance of aUmt 
Jive hundred 7mle8 from tlie African coast, was submitt* (i 
to tlie examination of Elirenberg, who discovered that 
07ie- sixth part of it was composed of the flinty shells of 
fitsh waier and land infusoria, and of siliclous fmsU 
"plants. There were eighteen specie^ of the formef, and 
as many of the latter. Of the animalcular remains, the 
greater part were European ; one speciea was decidtdly 
of South American origin, and another prubably ; but 
there were none that belonged exclusively to Africa. la 
the o[)inion of Ehrenberg, the two^ South American spe- 
cies w ere either brought from that country by the upper 
winds of the atmosphere) or from some other locality which 
is yet unknown, 

GtiO. In the dust of several other showers, which occur- 
red between the years 1834 and 1838, some at St. Jago, 
and some on the neighboring ocean, numerous organized 
structui were discovered, thirty of which were different 
from those detected in the dust just described. Among 
these were the sliells of a few South American infusoria, 
and one beautiful microscopic shell, termed the Polytha- 
la7nia* or many-chainbered shell, A single species was 
observed that occurs in the Isle of France ; but none of 
the forms were recognized as jyemdiarly A frican. 

Gi>l. Some of the dust collected by Mr. Ewbank, on 
his voyage to Rio Janeiro, was exanjined by Professor 
Bailey, of West Point ; but he was unable to discover in 
it any thing besides irregular, inorganic^ mineral frag- 
ments. He believes, however, that more interesting results 
would have been obtaiped if the dust had been gathered 
with greater care. The entire number of distinct organic 



Relate, in full, wbnt ie said respectiog the composition ot the Atltn.* 
tic and Cape de Verd dust. 

What is said respecting the dast of scTeral other showen 1 

Were any of tiiefoms dietioctively African 1 

Were any orgbniams diacoTered in the duet c<^ieeted by Mr. £ir« 
bank? 

What is, howeveifthe opinion of Prof. Bailey 1 
* W!nia|MiMi,<QNtk,)ttaQr,aBdllaf8iiMM^CLslln,) 




Digitized 



BiBoceo DviT* 258 

fbnnfl biiherto dBscoyered in the Cape de Verd and Atkm- 
* tie dusi'^arme is sw^-semn. 

682. Sirocco Dust. The dost that fell at Malta on 
the 16th of May, 1880, alforded forty-three distinct orgai^ 
»ed forms ; of diese there were fifteen vt^mofiiaiL 9^ue- 
twenty-one kinds of mmide^ petrified j^4^^ and 
seven of Polythatamia* The species of aaimaleales 
were, for the most part, idraticalnrith those disooTSied in 
the Cape de Verd and Atlantic dnst-showers* 



Fig. 45. 




{Fossil Infusoria.) 

One form was noticed belonging pecuUarlj to Chili, bat 
none were found distioctively African^ 



State the enUrc number of organic fomis lutbttto detooted in t^ 
Capo de Yard and AUiinUo duafe'atoriBs 
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638. The Sirocco diisfe tliat fell at Lyons, on the ITtli 
of October, 1846, was so rich in organic remains that they 
constituted ane-eighth part of its mass. They consisted 
of nnmerons species of if^uaoria and ^{ jpeiHjied jpUad»y 
mingled with a few kinds of Polythciamiay and minnte, 
vegetable fragments. The species were nearly^ all of 
fresh-water origin, oM-aevefUh only being fMSHm. In 
fiigores 45 and 46 are delineated the yarions microscopie 



]rii.4<b 




inowMOOfio oMAinuiB or m vnm mmmo/wmL 
(ibMtf itMn) 



organisms which were discoyered in this dust. The most 
remarkable circumstance respecting it is the fact, that, 
notwithstanding its general resemblance to the dust of 
the Atlantic showers, which has always exhibited nothing 
but dead and empty infusorial shells, this, on the con- 
trary, was found, in many cases, to contain a species of 

Deteribe the natore of the Sirooeo dost that ftU at Malta and «l 

Lyons. 

What IB remarkable reepeottng the Lyona ihower I 
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infusoria Nvliicli was distinctly seen to be filled •with green 
ovarieiiy or egg-sacks, and consequently was ca^Hible of 

634. The dust collected, in the preceding instances, 
from the Cape de Verd, Atlantic, and Sirocco showers, 
being nine in all, afforded 119 distinct organisms. Of 
these there .were fifty-seven species of infusoria^ and 
eight of PolythaLamia * forty-six kinds of fossil plmits^ 
together with particles of seven kinds of plant^^ and one 
frayr/urvt of an.insect. Only seventeen of these organ- 
isms were marine y while 102, six-seve7iths of the whole, 
consisted of frt^h-water species. In all these ahowers 
the dust exhibited no indiGaiiom whatever of volcamo 
origin. 

635. In three dust-showers which occurred in the years 
1847 and 1848-^the first in Salzburg, the second in Ara- 
bia, and the third in Silesia and Lower Austria — similar 
fresh-water organisms were detected. The same South 
American species were here found, as in other showers^ 
without any characteristic African forms. 

636. The red snow that fell in the Tyrol on the Slst 
of March, 1847, afforded sixty-six different organic forms. 
Of these, twenty-two were infumrial struciAj/res^ twenty- 
eiglitybmZ plants^ two polythalamia. and thirteen par^ 
tides of plants. There was also one fragmmt of a/n, 
insect. The greater part, by far, of all these species, 
were of land origin^ two only being marine. 

A remarkable resemblance exists between the coloring 
matter of this shower and the dust'of the Atlantic, Geno- 
ese, and Lyons storms, not only in its hvs^ but in its 
composition y for out of these sixty-six structures, /i^r^- 



How many distinct organisme wer« duiooT«i«d in the dust of adiM 
•howera ? DoserilHi the several kinds. 

Was there any trace of volcanic dust in these abowen) 

What la observed reHpecticg the dtiit-flfeonD» whioh happened in 
the years 1847 and 1848 1 

What organisraa were detected in the red snow of the Xjroleee 
•iorml 

What reaemblanee was observed between the edoring natter of thii 
abower and the dust that fell on the Athutio, at Qenoa* «kd al 
Ijons! 
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iiat are found in the Atlantic and Sirocco dust ; and twelve 
species of infusoria and twenty of fossil plants are oom^ 
mon to all. 

637. In tlie dust that fell, mingled mth snow, at 
Olsterholz, in the year 1850, Ehricnberg detected fift;^ 
organic forms, forty of which he had previously observed 
in the dust of other showers* The remaining ten species 
had never been before discovered in atmospheric dust. 

688. Number of Distinct Organisms Discotf/rku. 
In tlie (lust of the various sliowers examined by tins dis- 
tinguished naturalist, no less than 320 distinct species 
of organisms were discovered. Of theyo, five oidy were 
of marine origin, and fourteen were iorms peculiar to 
America, 

689. Number ahd Extent of Dust-storms and 
Blood-rains. Acc<H'ding to Uie rese&rches of Ehren^ 
heig, 840 instances isi dust-storms and blood-rains are 
mentioned in history and in the annals of science, of 
which 81 took place before the Ghrtstiaa era, and 259 
after it. These remarkable pkenesieiia extend through* 
out the world, occurring on the ocean, on all the conti- 
nents^ and even in Australia. They appear, however, to 
prevail most within a aone^ extending from that part of 
the Atlantic off ^e west coast of Middle and North 
Africa, along in the diree^on of the Meditmanean Sea, 
reaching a short distance north of this sea, and continuing 
into Asia between the Caspian Sea and the Persian Gulf, 
perhaps to Tarkistan, Kaschgar, -and even China: they 
seldom happen as far north as Sweden and Russia, 

This zone, according to the observations, of Captain 
Tuckey, has a hreadtk of 1800 mUe9» 



What oigulio Ibmw w«rB disoovered in the dust that fell at Olster- 

Ho'or maiiy distinot organiems have been dcit cte*! bv Ehrenherg in 
the duat of Bumeroua duat-storms 1 What ia eaid respecting weir 
origin 1 

What is the n}(m&<nr and tadttnt of ixuUHormM and Uooi^nxM^ SMOfd* 

ing to Ehrcnhergl 

Where do they appear to j rcvail moat? 
What ia tbie breadik of thia 2oaa 1 
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640. Their Periodicity. These phenomena occur 
most frequently during the first half of the j^ear ; for 
out of 199 showers, whose dates are ascertained, 118 
happened between January and July, and 81 between 
July and December. The distribution of the showers 
through the several months is as follows : 

January, 27. Jt^ly> 9- 

February, 14. August, 17. 

March, 23. September, 7. 

April, 18. October, 18. 

May, 18. November, 16. 

June, 18. December, 14. 

641* Origiit of rm Dvst. The eciar and nature 
of this dasti the oircamstanoe diat ^ great quaniiiifci 
mriKy TnaMer sometiines fails in a m/ngle shower^ as in 
that of Lycms ; and the fact that dnst-storms and blood- 
rains have occasionally happened from the time of Homer 
(dOO B.C.) to the present day, have led Ehrenberg to 
advance a most extraordinary hypothesis. He believes 
that these phenomena are not to be traced to mineral mat- 
ter belonging to the earth's sniface \ ndther to masses of 
dnst revolving in space, Hke the meteoric matter of Chaldni 
(Art. 555) ; nor yet to the inflnence of atmospheric cur- 
rents, snch as the trade-winds and harmattan, carrying 
the dost of the earth aloft into the air ; but to some gen- 
eral law, as yet imknown, according to which if^usma^ 
and other Umng orgamnM^ exist and are ^-qpagated in 
the upper regions of the atmosphere. 

The locality which eonstitntes the dwelling-place of these 
organisms he imagines to be of vast extent, and to be eit- 
aated at the height of about 14,000 feet above the 
level. 



In what parte of the year do tbeae piieuomciia most frequdnUy 
oeevrl 

How nrc they (listribut^tl through the months 1 

Whnt the views of Ebrenberg rMpeeting the or^in of the duet 
that iaiia in these singular stormB 1 

Where doee be euppose ^e abodft «f theie oigaainM to be life- 
ntledl 
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642. The apparent periodicity of the showers he ae* 
oounts for by supposing that this cloud of organisms lies in 
the region of the trade^winds, and suffers partial and pe- 
riodical deviations* 

648. In the present imperfect state of our knowledge in 
regard to these phenomena, it would be highly unsafe to 
adopt this singular hypothesis. • 

Both the or^^io and inorganic matter contaiBed in 
these storms are terrestrial in their nature^ and the at- 
mospheric currents are most probably the agents, which 
elevate this dust from the surface of theglobO) and bear it 
along to distant regions. 

644. The opinion, that the Atlantic, Cape de Verd, and 
Sirooco dust comes from the deserts of Africa, is incon- 
sistrat with certain known facts respecting it, and has 
therefore not been universally adopted. For instance, the 
ccior of this dust is red^ while the sa/nd of the' African 
Sah^as is whdU and gray / and we have also seen that 
none of tiie organized forms which it contains are peculiar 
to Africa; wMle many of thein are disimcHmd^ South 
American. 

645. It is the belief of Lieutenant Maury, that the red 
powder^ which falls in these dust-storms, is brought by an 
upper wind from South America to Africa ; where it de- 
scends and becomes the lower trade-wind, which dissem- 
inates the dust throughout the regions where it bloijrs. It 
is not improbable that a portion of this dust, carried on« 
wards by the higher current, falls within the sweep of the 
Sirocco — a circumstance which will fully explain the sim- 
ilarity that exists between the Sirocco and Atlantic dust. 



How does he account for tho apparent periodicity of these ebowers 
and Btorms \ 
Are there, at preecnt» Bvffieient reasons Ibr adopting this hypothesiBl 
What is the nature^ both of the orgame and tnor^onte bodiesi whieh 

4Jor8titut*i this dust? 

How are they probably raised into the atmosphere 1 

What reasons exist for belieYing that the Atlantic, Cape d«Terd» 

Mid Sirooeo dnet does not come from Africa 1 

What is tlie opinion of Lieutenant Maury npon this point ^ 
How can the similarity in the nature of the Sirocco and AUantie 
dust be explained 1 
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* 

TOLCAXZG SBOWSia 

646. The fall of ashes and dast soon ifter the eraptiion 
^ of Toloanoes, is a phenomenon efMr^ diffireni from 
' dust-storms and Moad-rama; for the materials whieh are 

precipitated in Toloanic showers contain no argamoforme^ 
and are easily traced to their source. 

647. Cause, The mighty energies that are at ^vork, 
■when a volcano is in full action, carry up the lighter por- 
tion of the ejected iiiattLT high into the air ; it is then 
borne along by the ujtjMjr winds, and at length fails, iti 
showers, iu regions uiteu far remote frum the burumg 
crater. 

648. INSTA^cEs — JoRULLo. DuHng the eruption of 
Jorullo, in Mexico, which began on the 28th of Septem- 
ber, 1759, the sky was darkened with clouds of dust that 
afterwards fell at Queretaro, 100 miles distant ; and 

• during another eruption of the same volcano in 1819, dust, 
to the depth of six inches j descended in the streets of, 
Guanaxuato, at the distance of 160 miles. 

649. SouFFRiERE. One of the most remarkable vol- 
canic dust-showers on record is that connected with the 
eruption of the Souffriere mountain, in the island of St« 
Vincent, which occurred on the 30th of April, 1812. 

650. On the 27th of this month the volcano, which had 
been slumbering for a hundred years, again burst forth, 
showering down sand, mixed with ashes and gritty, cal- 
cined particles of earth. This dust, driven before the 
wind, darkened the air like a cataract of rain, and covered 
the ridges, woods, and cane-lands with light grey-colored 
ashes, resembling snow. As the activity of the volcano ■ 
increased, this continual shower extended farther and 
farther, destroying every trace of vegetation. 

651. For three days the appearance of the homing 
mountain grew more awful and portentous, when at 
length, on the night of the 80th, a most terrific eruption 



State what it aaid reepectiag vdeaiiic showers — their cause. 
Give an acconnt of the showers attending thg eruptions of Jorullo. 
What remarkable ihower ol this kind is next menUonddl Ih» 
scribe it 
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took place. From the midst of a lofty pyramid of flame 
ksaed streams of glowing lava, which, pourmg down llie 
aides of the moantain, flowed in torrents to the sfe ; while 
the sallen roar of these burning riyers was swelled by the 
thnnderings and loud explosions of the crater. Stones, 
fire, ashes, and calcined masses rained down for homrs, 
aqd earthquake following earthquake, almost incessantly, 
the whole island undulated like water shaken in a bowl. 

652. On the next day, the air was so filled with toI- 
canio dust, that it was dark at 8 o'clodc in tiie morn- 
ing j a dense haie shrouding sea and land. Most ti tbe 
plantations in the Ticinity of the Solvere mountain were 
covered ten or twdve inehea degp with dust and stones. 

658. But the effects of this eruption were pot confined 
to this island. During the night of the 80th the tenrifio 
explosions of the volcano were heard as far as Barbadoes, 
which is situated B&oenty mUm due east from St. Vin- 
cent. On the next morning, at 4 o'clock, the atmosphere 
at Barbadoes was bright and clear, but at 6 o'clock the 
sky was obscured by thick clouds, from which issued in 
torrents, like rain, particles of volcanic matter finer than 
sand. At 8 o'clock, an appalling darkness, as intense as 
that which prevails in the depth of a starmy night, uver- 
Bpread the island, and continued till noon, but tlie showers 
of dust still descended at intervals until 7 o'clock m tUe 
evening. 

654. This dust descended to the depth of two incheSy 
and, according to the computation of observers, an average 
weight of 40,000 lbs. rested upon every acre on which it 
fell. Vessels at sea, some 300 miles, and others 500 to 

* the windward of St. Vincent, had their decks covered with 
this volcanic dust. (Art. 103.) 

655. ToMBORo. Stili more surprising was the dust- 
shower, caused by an eraption of TomborO) a volcano sit- 



To what other island did this doit eztoidl 

How far ib it from St. Vincent? 

How was the atmoiphere of Barbadoes affected by this Toloaiii« 

dust ] ^ 

'A6 wliat diMtanoe from St. w«ra tvndi ooTered iHth tbli 
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nated in the island of Sumlmwai wliick lies east of Java^ 

and south of Borneo. 

656. The eniption occurred on the 12th of April, 1815. 
According to Sir Stamford Raj03e8, who was then governor 
of Java, the roar of the volcano was distirictiy heard, in 
one direction, at Ternate, 720 miles distant frora Tomboro, 
and ia another, as far as Sumatra, at the distance of 970 
miles. 

657. Such vast clouds of ashes and dust were ejected, 
that the day at Sumbawa was as dark as the bhickest 
night; these, rising within the sweep of the higher winds, 
were carried in immense quantities to Java, 300 miles 
distant, and hung like a pall over the island. At Macas- 
sar, 250 miles from Sumbawa, a total darkness prevailed 
long after the sun had risen, and volcanic dust fell an inch 
and a half deejp. Some of the ashes were carried even as 
f;ir as the island of Ambojna, which U situated 800 miles 
from Tomboro. 

658. Near Sumbawa, such quantities of lava, cinders, 
and ashes fell into the sea, that they formed a cake on the 
surface two feet in tkicknesSy and, for miles around the 
island, the ocean was so completely covered with this 
floating matter, that the prog^ress of ships was materially 
impeded. 

659. CosiGinNA. Baring the eruption <^ the yolcano 
of Cosigaina, in Nicaragua, on the 20th of January, 1836, 
immense clouds of dust darkened the sky, and were borne 
by the winds to a g^eat diajkunce. 

660. At Union, a sea-port on the western shore of the 
bay of CoDohagiia, and the nearest place to the volcano 
of any importance, showers qfd/ust fell at intervals from 
the 20th to the 27th of January. It descended in the 
form of a fine powder like flour, and in such quantities as 



Describe th« eruption of Tomboro. 
What is said respecting the ("jected sthea and dusti 
How did they affect the atmoepbere, aad h'ow for were tbey tn* 
tiedl 

What is said of the condition of the sea aronod Sumbawa 1 
Oive an aeeount of the showers of sahM and dut mmd bytiht 
mptioa of the toImim oI Ooe ig w in a. 



Digitized 



MISCKIXAITKOCS PHKIIOMEVA* 



to cover the earth to the depth of Ji ve {tuJics I causing, 
for the space of forty-three hcnirs, so intense a darkness 
that lights and torches were needed, and even these were 
insufficient to render objects clearly visible. 

661. At Leon, the capital of Nicaragua, ^A^nnim 6^ 
ashes mid dusi descended on the 23d of January to the 
depth of nin$ inehaa f and at Nacaome the falling dust 
was mingled with coarse sandy which, together, formed a 
layer upon the surface of the ground seven or eigfht iiickaa 
deep. Some of the ashes ejected daring this emptioa 
were carried even as far as Kingston, Jamaica, sevm 
kwuhred and thirty mUes distant fsom Godgnina. (Art; 
108.) 

662. Yellow Raws— Pollcn-Rains. Showers of 
rain, mingled with recent vefeidNe matter, consisting of 
the poUm of Tarions plants, have been noticed for a con- 
siderable period of time. A shower of this kind once fell 
at Lund, in the south of Sweden, the pollen haying been' 
borne by the wind, from a forest of fir, thirty-five miles 
distant. A similar rain fell on the lake of Zurich, in the 
year 1677, and another of the same nature, at Bordeaux, 
in 1701. During a thunder-storm at Banff, in Scotland, 
oil the 9th of June, 1835, a shower of yetlow rain de- 
scended, which tinged the waters of the river Devern and 
ot' the neighboring pools with the same color. The hue in 
this case, as in the precedinoj instances, was derived from 
the pollen that was mingled ^viih the rain. 

663. A few years ago, a rain of this color extended over 
the western and south-western reiiions of the United 
States. At Carrollton, Ohio, the ground, after the rain, 
was covered witli ti j/ellow ^ulManm j and the same phe- 
nomenon was likewise noticed at this time at Zanesville, 
Cincinnati, TiOuisville, St. Lonis, Natrhez, and New Or- 
leans. The iiue of this rain is undoubtedly to be attrib- 
uted to the presence of jpoUen, 

664. Gossamer-Shower* A phenomenon of a very 
extraordinarj nature was observed bj the Rev. Oilbei;! 



What is a poUea-raia 1 Give the aeveral iiutaacea. 
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''.Vhite, on the 2l8t of September, 1741, and of which an 
account is given in his charming " Natural History of 
Selborne." It appears from the statement of this gentle- 
man, that on the day just mentioned, at about 9 o'clock in 
the morning, a shower of cobwebs^ falling from very ele- 
vated regions, was observed, and which continued to 
descend^ witiiout any interruption^ till the close of the 
day. 

665. These webs were not single, filmy threads, but 
perfect flakes or rags — some being nearly an inch broad 
and five or six long, which fell with a degree of velocity 
that showed they were considerably heaviei: than the at- 
mosphere. 

On every side, as the observer turned his eyes, he might 
behold a continual succession of fresh flakes falling mto 
view, and twinkling like stars as they reflected the rays 
of the sun. This singular shower was noticed at Bradley, 
Selborne, and Alresford, three places which lie in a kind 
of triaogle, the shortest of whose sides is about eight 
miles long. Whether it extended farther^ is not certainly 
known. 

666. At Selborne, a gentleman^ who obseryed this phe- 
nomenon while taking his morning ride, supposed, at first, 
the falling flakes to have been blown, like thistle- dow.ii| 
from the fields above, and imagined that he would be free 
from the shower when he had gained the summit of a hill 
that rose near his house. But upon reaching this point, 
800 feet higher than his residence, he found the webs, in 
appearance, still as much above as before — still descending 
into sight in a constant snccession, and twinkling brightly 
in the sun. 

Neither before nor after was any such fall observed' in 
these places, but on this day the gossamer flakes hung so 
thickly in the trees and hedges, &at a person might have 
gathered them by hasketfula. * 

667. In explanation of this cnrions phenomenon, Mr* 



<&ive an Meount of the goHiiii6p-show«r deaeribed by Bdv. Gilbert 

White. 

How does he explain thU phenomenon 1 
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White observes, that the gossamer threads, which £cf-t ia 
the air, are tiie production of siiklH spiders, that swarm in 
the fields in fine weather in autumn, and have the pc wer 
of shooting out webs so as to render themselves buoyant 
and lighter than the air. If taken in the hand, they will 
run along the fingers, throw out*a web, and sail aloft. He 
supposes, that, possibly, these spiders, with their webs, are 
carried up into the higher regions of the atmosphere by 
the warm and light currents of air which ascend from the 
earth ; and that while thus elevated th<^y have the power, 
perhaps, of thickening thmrv:d>s — as some naturalists sup- 
pose — thus rendering them heavier tlian the atmosphere, 
when of course they must fall, and will thereby occasion, 
if they descend dmuUa/iieously in large JlaJkea and in 
great ahundanec^ a goasamer -shower, 

()G8. Dr. Lister ascended one day, when the air was 
very full of gossamer, to the highest part of York Minster, 
and still found these £l2nj threads floating far above him. 



CHAPTER II. 

BBT FOG AHB Iia>IAN^VMll£& HAZS. 

669. Dbt Foo. a peculiar haze sometimes pervades 
the atmosphere, which has received from meteorologists 
the name of dry fog, U is different from humid mist, for 
it not unfrequently prevails when no visible vapor exists 
in the air, and during seasons of great heat. 

670. When this phenomenon oocurs, the sky, although 
it may be perfectly free from clouds, has lost its fine 
asure tbt, and is dnll and discolored. Terrestrial ob- 
jects at a distance, and of a deep color, are lost to view, 
and appear as if covered with a blue veil. The sun loses 



What (lid Dr. Lister ©bserve t 
Whftt is dry fog \ 

How does thin phenomena effect the appemmoe of oelettin] vA 
tmreetriAl obj«cU I 
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its brilliancy, even when high in the heavens, and its light 
is of a reddish iiue. As it approaclies the horizon it as- 
sumes a blood-red color, aud may be gazed at without 
dazzling tlie eyes. At times, the haze is even so thick that 
the solar orb ceases to be visible before it has descended 
below the horizon. 

671. Instances. In the year 1782, a remarkable fog of 
this kind occurred) extending over Europe from Lapland to 
the Mediterranean. It was succeeded the next year by 

• anodier still more extraordinaty. This fog| known as the 
dry fog of 1783, produced a great sensation throughout 
Europe. According to Kaemtz, its intensity was such, 
that in some places objects at the distance of three miles 
could not be distinguished. Sometimes they appeared 
blue, or else surrounded with vapor. The sun, shorn of 
its beams, appeared of a fiery red^ and at noon could 
bo looked at without injury to the naked eye. At its 
rising and setting it was completely* obscured by the dense 
hase. 

This dry fog first appeared at Copenhagen on the 
26th of May. It reached Rochelle on the 6th of June, 
and was noticed, almost everywhere throughout Germany, 
France, and Italy, from the 16th to the 18th of this 
month. 

It was seen at Spydberg, in Norway, on the 22«I of 
Juiie, at StockholiLi two days after, and on the 25th it 
appeared at Moscow. In Syria it was observed towards 
the close of June, and on the Ist of J uly it j>hrouded the 
Altai mountains. 

In England it continued from the 23d of June until the 
20th of July. • 

Daring the prevalence of this phenomenon the heat was 
intense. 

672. In the summer of the year 18S4, dry fogs wera 
noticed in various localities in Germany. Kaemtz ob- 
eerved one on the 29th of May, enveloping one of the peaks 
of the Hartz mountains. 



GiY« the ioBtanees stated. 
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For tlircc iiays, during the latter part of this moutli, a 
liaze of this kind prevailed at Munstcr, and the phenom- 
enon was seen at Halle, Freiberg, and Aiieiiberg, in Sax- 
ony, on the Libih a-ud 2L)th of July. 

In the northern and western parts of Germany, as well 
as in Holland, dry fogs very frequently occur. 

673. Cause. The origin of this phenomenon is not yet 
fiatisfactorily explained. Many philosophers suppose it to 
arise, either partially or wholly, from the influence of elec 
tricity, without being able to show very clearly in what 
manner u is possible for this agent to produce such an 
effect. Others believe it to result from smoke caused 
by the conflagration of forests, tlie burning of peat-bogs, 
and the eruption of volcanoes. Thus Lalande attributed 
the dry fog of 1783 to electricity, Cotte to the union of 
metallic emanations with electricity, nvhile other philos- 
ophers traced it to a volcanic source. 

674. In tlie opinion of Kaemtz, the dense, dry fog of 
1884 arose, partly from the combustion of peat, and partly 
from the unusual number of extensive fires that occurred 
in this year. While the fog was among the .Hartz mount- 
ains and in the vicinity of Orleans and Basic, many peat- 
bogs were reduced to ashes, the fire penetrating deeply 
beneath the surface. One bog in particular, that of 
Dachau, in Bavaria, was burned to the depth of more 
than eight feety the fire running even beneath ditches 
filled with water. In July there were vast conflagra- 
tions of forests and peat-bogs in Prussia, Silesia, Sweden, 
and Russia. The drought, which then prevailed, favored 
the propagation of these fires and the diffusion of the 
smoke. 

675. The dry fogs, that occur in Holland, and in the 
north and west of Germany, are attributed by Finki to the 
combustion of peat. 

676. Indian-Summer Haze. Throughout the conti- 

Whfit is the «au ^e of <!py fogs % 

"What views are held respecting thera * 
How if the dry fog of 1834 accounted for by Kaemtz 1 
What ia Fiuki's opiniuii reguidiiig ihe origia of the dry fogs ol 
Holkud and Germany 1 
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nent of North America, there occurs, about the close of 
October or the beginning of November, a warm and 
pleasant interval, termed the Indiwii summer^ "which 
lasts for the space of two or three weeks, and agreeably 
retards the approach of winter. 

During this season the air is soft and bland, and a 
mild temperature prevails, while the atmosphere is filled 
•vvith a deme^ dry haze^ that causes the distant objects 
of the landscape to appear as if veiled in a cloud of 
smoke. 

* 

677* Cause. This obsciirity has been supposed by 

some writers to originate in the same way as agpji>ecu8 
mists / while others imagine it to be due to the presence 
of smoke, borne by the wind from the distant conflagra- 
tions of vast prairies and forests. In respect to the first 
view it may be remarked, that the Indian-summer haze 
bears little resemblance to an dqueom mtstn It does not 
change into rain, and during its continuance the hygro- 
metric state of the atmosphere is different from that 
which exists when moist fogs occur. The second hypoth- 
esis fails, inasmuch as it assigns a local cause for the 
solution of a g neral phenomenon — not to mention other 
objections which might justly be urged against it. 

678* No sufficient explanation of tiiis singular phenom- 
enon has yet been found, but there is one circumstance 
connected with it which may possibly give a clue to its 
iause. 

The Indian summer, with its genial warmth and misty 
veil, occurs at that period of the year when the leaves of 
the forest are falling, and the vegetation that covers the * 
surface of the earth is beginning to decay. In view of 
this fact» the author was led to think, some years ago, that 
the decomposition of the decaymg vegetation, which Liebig 



What is the Indian summer 1 

What opinions are entertained in regard toita hazei 
Has any adequate «cplanation been ^et ^iTen ? 
What eiroumatanoe ia wQrthy of nottee in eonneotion w'ili thia pbia* 
Doroenon 1 

In view of thia faoti what baa been supposed 1 
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terms a slow comhustioriy (eremacausis), might impart that 
peculiar haziness lo tiie utniospliere whicii is seen during 
the Indiaa summer. It was afterwards ascertained that thii» 
phenomenon was ascribed to tiie same cause by another ob- 
server, Dr. E. B. Haskens, of Clarksville^ Tenn^ who also 
suggests/' that the Indian*summer haze consists of carbon* 
aceoua matter or smoke produced by the oxidation of the 
lifeless vegetation. The warmth of this season he attributes 
to the same cause. These views, however, are merely spec- 
ulative. 
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2 know that this opinfos f s shared by other mssten in sad out «f the pubUoMnrteei* 
^AHM A. Pagb, JtaH$r qfJhoigM SehoeL 

•■We hMxfilf warn la the ahartt."— 3. W. Masov, Jfaahr tfmMSOaoL f 

D. C. Brown, MmUr of Bmcdoin School. ' 
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the beet works for the stud/ of Qeogniphy now pubBshed.* 



FALM£&'S BOOS-EEEFINQ. - 

^PaXmer's ^raeiieal Baok^Keepinff* 

Bj Joseph H. P^xbs, A.M., Instructor in New York 
Free Academy. 12mo. 167 pages, $100 

Mlanks to Ikf* (2 numbeis* Journal and Ledger), each • 0 60 

Key to no ; 0 JIO 

This work is adopted by the Boards of Education of the cities of 
Kow York f\Ti<l Brooklyn, where it is p-enorally iiRcd in schools and 
rtioiuTin udud by teachers. It is also recoinmended by accountants 
oi urominent commercial ilnns, and the Press. 

Whately^a BXemewts of Logic* 

Sty BiOHABD Whatelt, D.D., Azehblshop of Dubliii. 
New revised edition, with the Author's last Additions. 
Large 12ma 484 pages, $1 75 

**Tbto work <Elem«nt8 of Logic) luis long boon oar text-book horo. Tha iltjU ta 

which 7011 have published tbis now edition of valuable a work, leaves nothing to 
be desired in regard of elegance and conven\Ga<it>J'^Prqf,Dutm,£rownUn4i>W9ttffm 

"Its mersta are now too widely knoWn*to rrrj'Uro an onnmcmtion of them. Th<» 
present American edition of it is conrurtned to the ninth English edition, which wn3 
revised by the Huthor, and which contains several iniprovetuents oa tbo tatmtt 

WIiately^H Elements of lihetotne, ^ 
Comprisinc* an Analysi"? of the T.aTrs of Moral Evidence 
and of Persuasion, with ^ Hules for Arguiiientative Com- 
position and Elocution. New edition, leviaed by tbo 
Author. Laige 12mo. 54G pages, • » • • « « • • 75 
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FHELDON it COMPANTTS COLLEGE TEXT-BOOKS. 



**The Elements of Bhetoric baa become so much a stnndArd work that \t nilgbt 

geetn sutterlluoiLs to speak of it lu short, wo should not ilroatn of tcachlnir a Col- 
lege cla.'^s Iruin any othur book on EUeloric Communion \vith Whatuly's mind 
wwM Improve my mind on eartb.** — Preah^terian Qmrterly Settew. 

• The above are the editions formerlj published hy James Muxrok 
& Co., Boston, and' the best in the market. They are usod in all th 
principal Colleg^es and Academies in the Uidted States. 

,i' Uch\'i Mapjihf%' J*lafeH» (In one vohiinc, oiuirto.) ^ 
Dosigncdlbr Leaiiu'rs in Cieoivrajiliy ; bciu^^ a collection 
of Plates prepared for Delintatiug Maps of the ^Vorld, 
and .Counties forming its principal subdivisions, viz., 1. 
The World. 2. United States. 8. North America. 4 
Soath America. 5. A State, 6. Mezieo and Gnatemak. 
7. Great Britidii and Jieland. 8. EoxopeL 9. Sonthem 
Europe. 10. Germany. 11. Africa. 13. A^ 13^ At- 
lantio Ocean. 14. Padfic Ocean. "Sy Gsa W. Sketch, . |0 60 

NOEMAL MATHEMATICAL SERIES. 

m 

B7JohnF.Stoddabd,A.M. ForPrimaxySehoola TippL, |0 88 

Stoddard^s Ameriean InUUeeHuiU ArUhmeUcm 
An extended woik, for Schools and Aucademies. 172 pp.^ . 0 50 

Stoddard's Rudiments of Arithmetic, 

Til is work prcsout s such parts of Arithmetic as are most 
useful in ordiuary business computations. 193 pp., . • • 0 fijQ 
atoddard^s Xew PraetUdl Arithmetic, 

Embracing methods and forms of modern businessi with 
Analyses and many varied Examples. 192 pp., • ... 1 00 
8toddard*s Complete Arithmetic, 

Bein<^ in one book, the pages of the Now Practical Arith- 
metic in tlie order of that book, and 120 pages of additional 
II Kit t i r, suited fox classes in High Schools. A full course in 
one book, K , , 1 25 

Key to JSUoddartPa Cmnpiete ArUhmeHe, ... 1 00 

Methods of Teaching and Key to InteUec, Arith, 0 50 

Schuyler^ B Miglier ArithmeHcm ^orCoU^), . . 1 25 

Stoddard S JBCenki^e Mementary Atg€^ra» 

By JOHir F. Stoddabd, AJl, and Piaf. W. D. "Bwa^ 1 25 
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Kep to Stoddard S HevM^s ^Sement. AlgebrUf . ^ 25 

Stoddard <C IlenMe^s Vniversity Alyehra, 

For IIi;rli Sclutols, Acadcmica, and Collt^ges. Br John 
F. Stoddard, AM,, and Prof. W. D. Hbnki^ ^ pp.« . 2 00 

Key to Stoddard <a Henkle's Univeraiti/ Algebra, d 00 

"1 have examined Stoddard & ITenkle's University Algebra. It is a thorough 
and elaborate work. It combines clearness and simplicity In Its inetboil and illus- 
trations, an<l constitutes a valuable addition to the uifttbcinatical works of tbo dnj.** 
^nto8 Non, A Jl^ Pn^isnor qfMathemaUM in the Indiana AMmrff Unitfff, 

•* I bnm examined Stoddard*a Amertean Intellaetaal Arithmetle, atid eheetflilif 

irccomtnend it to toacbors and parents as a valuable elementary work, an<l one well 
adapted to the wants of pup!J« in tlie first stages of arlthiru'tic. It is constructed 
upon sound and practical priooii^es, and will be found an important addition to tbo 
tcxt*books now In use in our Cobibuhi Schools.**'— ifoik SaxobIi 8. Bavhau^ Supk 
4fJfiW York Ct^f Sckodta. 

*' Stoddard's Arithmetical Series is now In general nse In the eehoola of this ooanty, 

Tbey have st«)od the test for four years as tb« tuxt-books in Arithmi tic in our 
ecbools, und aro considered by our tertcln-rs superior to any others now br f ir:» tlid 
jmblic"— J/r. & A. Tobsill, laU 8upU of I^Uc JSchoois o/ W/ayhe CouiUy, i^o. 



HOOmi'S f HYSIOLOaiLS. 

Hooket^s First Book in Fhysioloffy* 

For Public Schools, $0 (Kl 

JBooker^s Human Physiology and Hygiene. 

For Academies snd general reading. By WoBTniNG- 
TOH Hooker, Yale College, 1 71 

These books are text-booka almost wborcver they are 'known, 
^lic "First Book" is a text-book in the Foblic Schools of Bostoiit 
Kew York, BoffiJo, and San Fnmdaoo. 

• PioflMSor Hookerii work on FhTslologr has 1m«« In use for the Inst year fn the 
"Normal School in this city, and it gives me great pleasure teexi^rses my convletlona 

of its excellence as a text-book. In the course of my experience as a teacher, I have 
iwed the books ot various authors on the subject of Physiology, but the work of 
Pfofeseor Hooker satisfies me mneh more.ftiUy tban any othor that I bavo used. Tt 
has tbe double advantace of being accurately sclentlfle In its matter and arraif;,e« 

mont, and of being expressed In correct and elecant English, a combination »f the 
Iiiu'bobL importnnco, and yet potdoin ntf.nincd to tbe extent exhibited fn this book. 
1 know of no book fur whicli I would be wiliiijir to excliangc if— liiciiABD EdwajuA 
iVea lit* Ihrmat Uniiwrait}/^ Bloomington^ IIU 
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njte Elements of InteUectuixl Bhiloaophy, 

B> Francis Watland, D.1>. 1 ▼oi 12mo, . .* . • . |1 7S 
This dearly written lx>ok, firom the pen of a scholar of eminent 
aMlitj, and who has had the largest experience in the edncation of 
the human mind, is unquestionably at the head of text-books in 
InteUeetnal Philosophy. The author's praetical suggestions on the 
cultiyaUon of the several fisculties of the mind, aiding the student's 
efforts to discipline and atiengthen his intellectual energies^ and 
the numerous references to bocks of easy acoesB» specifying the 
places where topics treated of are more fully discussed, make this 
hook a valuable addition to the readable hooks of any teacher car ' 
professional man* 

27*« EorMMtion Speaker and Gymnastic Book. 

Containing Farces, Dialogues, and Tableaux, with Ex- 
ercises for Declamation, in Prose and Verse. Also, a 
Treatise on Oratory and Elocution, Hints on Dramatio 
Characters, Costume, Position on the Stage, Making up, 
etc., etc., with illustrations. Carefully compiled and 
arranged for School Exhibitions, by P. A. Fitzgerald. 
To wliich is added a complete System of Calisthenics and 
Gymnastics, with instructions for Teachers and Pupils, 
iUusteated by numerous Engravinga 1 toL 12mo, . . $1 25 

Shmv^s Outlines of English Literature, * 
By Tuos. B. Pttaw, with a sketch of American Litera- 
ture, by Henry F. Tuckerman, Esq. 1 vol. royal 12mo, $1 75 

** Its merits I liail not now for the first time to Icfirn. I Imvc usot! it for two years 
as a toxt-book, wttli the greatest satlsfactioa. It m-.is a liappy c«>ncci»iion, admirably 
ex^eitteil. It ft nil tbat a t«rt-lMwk on sncb a subject enn or neetl be, corapridng % 
Jndteloas aeleotton of materiala, oosily y«t eflSectively wrna^hL Tb« author attempts 

just 08 much 08 lie ou);bt to, and does well all that lio ntt tniits ; nnd the best of ilia 
Tiook is the genial ftptrit, the gcnuini-' Invonf ^'t-niu-s am! its works wliich tlior'niixhly 
pcrvoOes it, and makes it just whatjou want to put into a pupirs hauda," — Prq^ 
J. H. Batmohu, Uhiovitfyi^SodkMUr. 

' * or 'ShaVs Engtiah Literature* I can b^trdly say too mnob Id pnlBeb I hope ttt 
adoption an<l iiso ivs a text>book «U1 correspond \q its grest aierUa.*'*^i^^ J. iX 
PiCKABD, JU, OMeg€. 



For more juU 2*u rticulars, setul for Schttd Catalogue* 

Address SELLJDOII & COMPANY, Publisheks, 

m BEOADWAIi N£W X0££ 
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